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BIRLEC 


SMB 5022 


Power Stations, Chemical Works and Food 
Processing Plant rely on heat exchangers whose 
efficiency and durability depend on high quality 
stainless steel tubes. 
Such tubes are produced at the works of the 
Talbot Stead Tube Co. Ltd., who have recently 
installed a 6750 <.f.h. Birlec roller hearth 
furnace which anneals 40 tons of finished 
stain'ess steel tubing each week. The furnace 
works continuously for 5 days out of 7, and 
allowing for interpass work, the weekly through- 
put averages 100 tons, in sizes ranging from 
1’—8° dia. and thicknesses from 18 gauge to 3”. 
The furnace has six clutches and two brakes 
which permits it to be controlled remotely by 
electronics for any required operating sequence. 
*The cost of a furnace is not necessarily its 
purchase price Even a brief interruption in 
production may cause severe losses in output 
god serious inconvenience. The purchaser of a 
Birlec furnace can be confident that the equip- 
ment will not only meet his specification, but will 
give uninterrupted trouble-free service. 
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ONDON SHEFFIELCE NEWCASTLE N- 7 


In hand 
but out of mind 


Picture a builder, his hand on the level, 

his eye on the bubble. How rarely does he take 

an interest in the spirit level's casing! 

How rarely does he need to when, like so many 
other familiar things around us, its stability 
depends on a Birmal casting. 

Dependable Birmal! For more than 50 years Birmal 
craftsmen have been producing castings to support, 
to enclose, to provide the very foundation 

of a host of well-known products. 

Their technical skill and great experience 

keep Birmal ahead in foundry practice... 

ensure that Birmal castings will continue 

to be relied on wherever the quality 

of castings counts. 

The Birmal! foundries produce sand and gravity 

die castings in aluminium and magnesium alloys, 

and pressure die castings in aluminium, 

magnesium and zinc alloys for use 

in practically every industry. 


Pressure die cast in aluminium alloy 
for John Rabone & Sons Ltd. 


Birmingham Aluminium Casting (1903) Co. Ltd sirmiaworks smethwick40 Staffs 
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BARFIELD 
GAS 
CARBURISING 


The Wild-Barfield Generated Gas and *Carbodrip’ 
methods of gas carburising ensure minimum 
carburising time, fastest production rates 

and full quality control. Write to us for 

advice on the application of gas carburising 

for your work. 


evectaic 


ivi) FOR ALL HEAT-TREATMENT PURPOSES 


Nay Backed by 40 years specialist experience 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS TELEPHONE: WATFORD 26091 (86 Lines) 
we.93 
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Depicted above is a No. 1653 Torrington Slab 
Milling Machine for overhauling non-ferrous strip up 
to 30” wide and }” thick, milling one face at a time. 

The cutting speeds are variable up to 45ft’ 
minute dependent on the material and general 
requirements. 


W.H.A. ROBER 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES, AND TORRINGTON METAL WORKING MACHINERY 


METALLURGIA, November, 1959 


> 


| 
\ 


GAS BLAST COMBINED FORGE AND NATURAL DRAUGHT GAS FIRED SALT 
BRAZING HEARTH BATH SUITABLE FOR CYANIDE OR 
NEUTRAL SALTS 
Complete with Motor Driven Positive Air Blower, two Gas 
Suitable for temperatures up to 900° C. 


Blast Blow Pipes and one Gas Blast Burner. Suitable for Tube 


bending up to | in. diameter. Obtainable in the following sizes : 
8 in. dia. x 8 in. deep, gas consumption 300 cu. ft. /hr. 
Size of Hearth, 20 in. x 20 in. x 4 in. 8 in. dia. x 10 in. deep, gas consumption 350 cu. ft. /hr. 


10 in. dia. x 12 in. deep, gas consumption 400 cu. ft. /hr. 
Gas Consumption, 200 cu. ft. per hour maximum. 
Time to heat up—I!4 hours. 


Manufactured by 


7, HOLYROOD STREET BERMONDSEY - LONDON, S.E.! 
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CALCIUM 
MANGANESE 
SILICON 


for clean steel . . . ductile steel . . . and better castability 


Calcium Manganese Silicon is used as a ladle addition in the open hearth process 
and as both a furnace and a ladle addition in electric steel making. This 
combination of elements, which includes two extremely active and strong 
deoxidizers, produces exceptionally clean steel. It is especially helpful in the 
production of steel castings: in this application the combination of calcium, 
silicon, and manganese is effective in breaking up the harmful chain-type 
inclusions commonly associated with poor ductility. Castings treated with 
Calcium Manganese Silicon show exceptional uniformity, high ductility and 
freedom from internal tears. 1%) 
In basic electric furnace practice, Calcium Manganese Silicon is widely used 
for quick deoxidation of the metal. In all electric steel, it aids in overcoming 
low ductility often caused by high aluminium additions. Stainless steels afd 
certain other high-alloy steels have their castability improved by treatments 
with this alloy. 

More information about this excellent alloy (Ca 16-20°.,, Mn 14-18°,,, Si 55-60°.,) can 
be obtained from Union Carbide Limited, Alloys Division,103 Mount Street, London, 
W.1. (Telephone H Y De Park 5361). 


The terms UNION CARBIDE aid SAUDAMET are registered trade marks. 


ferro alloys and metals 
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Gibbons Mahler-v-Linde 


Atmosphere generators with a wide range of applications in many industries. 
In the metal industry for bright annealing, brazing, sintering, gas carburising, 
bright hardening, etc. 


GmvL Ammonia Cracker 


For bright treatment of stainless acid resisting 
and heat resisting steels, and for brazing and 
sintering generally. 


Gibbons Sub-X Inert Gas Generator 


A highly efficient and compact producer of inert gas, operating on standard 
gaseous fuels and distillate grades of fuel oils. 


150 c.f.h, 


G.A.A. Endothermic Generator 


For gas carburising, dry cyanide treatment, etc. 
Automatic response to variations in demand while 
maintaining Correct gas /air ratio. 


GIBBONS 
APPLIED 
ATMOSPHERES 
LIMITED | 


p-\ 
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A SUBSIDIARY COMPANY OF GIBBONS BROS. LTD. e 
7 GREENFIELD CRESCENT, EDGBASTON, BIRMINGHAM [5 
"Phone : Edgbaston 4269 
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haracteristic of British Crafts- 
manship is this handsomely 


worked pistol. Made in the 16th 


Century from steel and wood it 
is a fine example of the work of that period 
and can be seen in the Victoria and Albert 
Museum. 

Britain is proud of her craftsmen; throughout 
the years their skilled workmanship has earned 
a reputation for Britain that is second to none. 
The historical associations of steel in England 
chronicled through the ages, show how depen- 
dent we have become upon its production. 
Today its manifold uses in industry and every- 
day life have become legion—civilisation itself 
is woven over a framework of iron and steel. 
Hallamshire high grade Alloy and Carbon 
steels are an integral part of Britain's 


traditional good name 


Manufacturers of 


ALLOY & SPECIAL CARBON STEELS 
BARS - SHEETS - PLATES - WIRE RODS 


THE HALLAMSHIRE STEEL COMPANY LIMITED ° SHEFFIELD 3 ° ENGLAND 


Telephone: Sheffield 24304 (5 lines) Telegrams: Hallamsteel Sheffield 
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Added to these unique advantages is the 
specialised knowledge acquired during over 
twenty-five years in the trade. Thompson 
L'Hospied advice on alloys and design is widely 
sought and freely given to customers in every 
industry where heat or chemical treatment 
plays a part. 


The Thompson L'Hospied service embodies 
much more than the production of accurate and 
consistently fine heat-resisting castings. 
Through their close association with the 
furnace industry they have first-hand knowledge 
of its requirements and unequalled facilities for 
testing under actual conditions. 


Thompson L,’"Hospied 


x 
Sistine © 
A Member of the Incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND. 
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From experience Gibbons “H.T 1”’ insulating refractory is the auto- 

matic choice of leading furnace manufacturers and users — its 

combination of low thermal conductivity with resistance to high 

temperatures has proved remarkably effective in minimising heat 

losses and raising furnace outputs. The Gibbons “‘H.T 1" is developed ‘ 
from more than 20 years’ experience in ri] 
the manufacture of insulating refractories ay 5 \ Q 
and today an entirely new and original } I) ) 
manufacturing technique enables us to \ 
offer material having unique physical y 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 


Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55141 
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REHEATING FURNACES? 


DO YOU OPERATE 


Reflecting 
Longer Hearth Life | 


T 


TEMPERATURE °C 


The economical operation of reheating furnaces 
depends greatly upon the life of the refractory 
material selected for the hearth. Whether your 


immediate problem concerns in-and-out fur- 

naces, continuous slab, end pusher, forging or i) 

bogi-type furnaces or one of the various types of an 

soaking pits, it pays to let GR guide your selection GR 

of refractories. The GR Technical Service Depart- 

ment is available to advise on the correct choice Everything in e 


of refractories for any specific application 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE - SHEFFIELD 10 + TELEPHONE: SHEFFIELD 31113 


Furnace Linings 
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On their universal beam mill at 
Lackenby Works, where the 
largest beams in Europe are 
rolled, Dorman Long (Steel) Ltd 
use A.E.I main electric drives 
totalling 30,000 h.p. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION RUGBY AND MANCHESTER, ENGLAND 
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Rells and Roll Lathes by Brightside for 
the 11” Continuous Bar Mill. 


THE BRIGHTSIDE RANGE OF ROLLS FOR HOT AND 
COLD ROLLING IS KEEPING PACE WITH THE 
EXACTING REQUIREMENTS OF THE STEEL AND 
NON-FER ROUS INDUSTRIES AT HOME AND ABROAD. 


THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. 


G.P.O. BOX 118 SHEFFIELD |. 
BS. 61 
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FURNACES 4nND 
QUENCHING 
EQUIPMENT 


FURNACES AND 3 
PEEL CHARGING 


MACHINI 
We specialise in the design and construction 
of: 
Open Hearth Furnaces The illustrations show a battery of 3 Heat Treatment Furnaces, 


Soaking Pits of all types 

Continuous Multi-zone Bloom and Slab Re- 
heating Furnaces 

Continuous Bogie typ: Ingot and Slab 


one with recirculation, 5 ton 3 peel charging machine, fixed and 


mobile quenching equipment. This plant, installed at the 


Heating Furnaces — P 
Gor Call Stocksbridge Works of Samuel Fox & Company Limited, also 
Annealing and Slab Re-heating includes two Bogie type Furnaces with special transfer chargi 
Forge and Heat Treatment Furnaces 

Stress Relieving Furnaces machine. 


Shipyard Plate and Bar Furnaces 
Modern Lime Burning Kilns 


The last word in also at TELEGRAPH BUILDINGS HIGH STREET SHEFFIELD Fi42 


Furnace design 


PRIEST 
| PRIEST FURNACES LIMITED - LONGLANDS - MIDDLESBROUGH 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are finding many applications, particularly for preparation of 
special shapes at site. 


| 
| THERMAL _ MAXIMUM 
HOW TYPE OF 
REFRACTORINESS HARDENING TEMPERATURE Ibs. /Cu. Ft. 
SETTING TEMPERATURE OF USE 


Concrete Ory 1420°C Hydraulic 1200°C 1350°C 


Stein Super 
Refractory Concrete Dry + 1750°C Hydraulic | 1200°C 1600°C 


No. 16 
No. 17 Dry +1750°C Hydraulic 1200°C 1700°C 
No. 18 Dry + 1750°C Hydraulic 1200°C 100°C 


Dry +1750°C Hydraulic 1200°C 180 


Use our advisory service based on 70 years experience in the refractory field—it can improve 
your furnace efficiency. For further information write, phone or call: 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 
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BRIGHT STEEL 


ROUNDS HEXAGONS - 
SQUARES ; FLATS & SECTIONS 


THE 


STEEL C?L” 


1967, PALACE CHAMBERS 
BRIDGE ST., LONDON, S.W. | 
TEL. WHITEHALL 2015 


| 8, CHATHAM STREET 
MANCHESTER | CEN. 0413 


HALESOWEN | 
Nr BIRMINGHAM | 


HALESQWEN 1191 


for the Asking 


LEARN HOW TO:— 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 


ZINC ALLOY 
RUST-PROOFING CO. LTD. 


SHAKESPEARE ST. WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 27531 


(5 lines) 


ALSO AT LONDON AND ROCHDALE 
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#-HOT COOLING 


3 This system of evaporative cool- 
ing, applicable to the water-cooled 
" parts of all types of metallurgical 
furnaces has been fully developed 
and established in Germany during 
the last ten years by Reining- 


Heisskiihlung of Mulheim/Ruhr. 


Open Marth Furnace Door 
Fram@™ (Thermo syphon), 
Steamf#produced approxi- 
mately™ 2,000 Ibs./hr. per 
door frame. 


TYPIGAL 


APPLICATIONS 
—_ Stein & Atkinson 


Skid systems of 3 zone Continuous Reheating 


The Reining system is now being 


applied in Great Britain and 


throughout the Commonwealth 


exclusively 


Furnaces (Forced circulation). 
Steam produced approximately 20,000 Ibs./hr. 
on 100 ton/hr. furnace. recovered in the form of saturated steam at 


1. Heat formerly lost in the cooling water is 


any desired pressure. This heat recovery pro- 


duces substantial fuel savings. 


2. The quantity of cooling water required is limited 
to a make-up of boiler feed water correspond- 


ing to the quantity of steam consumed. 


3, Failures of water-cooled parts due to blockage 
by deposits from untreated water are elimin- 


ated. 


STEIN & ATKINSON LTD. LONDON 
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ALBION MOTORS 
AND G.W.B. 


One of the oldest manufacturers of commercial motor vehicles in this country, 


Albion Motors keep up to date in their manufacturing methods 


by installing the latest and most efficient equipment available. 


An example is the electrically heated Pusher Furnace supplied 
by G.W.B. Furnaces Limited. 


Overall view from charging end of 145 kw Pusher Type Normalising Furnace at Albion Motors Limited 


APPLICATION 

Various forgings such as main shafts, counter- 
shafts, pinion shafts and gear blanks are normal- 
ised by heating up to 900 C. and slow cooled down 
to 400 500 C. 
AUTOMATIC OPERATION 

The only labour required is for placing the com- 
ponents into the charge trays at the entrance end 
of the furnace. By pressing a button, the following 
cycle automatically takes place. (1) The entrance 
door rises. (2) The pusher ram propels the loaded 
tray into the furnace. (3) The ram returns. (4) 
Entrance door lowers. (5) Exit door rises. (6) 
Hydraulically operated go-getter pulls last tray 
from exit end of furnace on to a cross conveyor. 
The cross conveyor moves the normalised parts 
to the top of an inclined roller track where the 
tray is unloaded by a tipper, and then returns 
empty to the entrance end of the furnace. 
OUTPUT 

600 Ibs. of normalised forgings per hour. 


Over 25 years experience in electric furnace design at your disposal. 


G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. TEL: DUDLEY 55455 (9 lines) 
Associated with: Gibbons Bros. Ltd. a:4 Wd ectric Faryaces Ltd 
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The New, Tough 
MARSHALL 


RESISTANT 


SPALL 


STOPPER 


EXTRA Reliability 


The focal point of teeming. The Stopper End. 
Subject to thermal shock, intense wear by liquid 
steel and severe mechanical stresses at high 
temperatures. No half measures with stoppers= 
they work or fail. 


Resulting from years of development work 
Marshalls now present their “SR” quality. Already 
acclaimed and well-known in the biggest ladies of 
the major integrated plants, “SR” is equally 
satisfactory in the steel foundry and when 
teeming the smaller ‘ special’ steel charges. 


“SR” is highly retractory, accurately shaped— 
and tough. Consistently better and COST NO MORE. 


LADLE BRICKS «© SLEEVES * STOPPERS & NOZZLES + TRUMPETS & PIPES + CENTRE BRICKS & RUNNERS + MOULD HEAD BRICKS 


REFRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD - LOXLEY - SHEFFIELD TEL: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 
TM39 
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NICKEL 
ALLOY 


ensure 
reliability 

in road 
construction 


The power which operates and controls the Baw TYPICAL MECHANICAL PROPERTIES OF 


Knox B.K. 12 Grader is transmitted through 
components of nickel alloy steels, notably the stub aol NJ : > & 
axles, track rods and half shafts, which are made 


from EN 25 23 per cent nickel-chromium- These illustrate its strength and toughness in massive sections. 


molybdenum forged steel. This and other nickel 
YIELD STRESS | MAXIMUM | ELONGATION | i200 
tel. per cent 


alloy steels are used for such components as the SIZE HEAT TREATMENT sTREss te. ft. 
main and subsidiary gears, pinions and pins which 

, 24” dia. | Oil quenched 830 C. 752 78.8 17 44 

transmit the drive from the power unit and need tempered 590 C. 
i : ; 24” dia. | Oil quenched 830 C. 58:8 636 215 68 

good resistance to both fatigue and impact. tempered 650 C. 
4’ dia. | Oil quenched 830 C. 562 618 21 69 

tempered 650 C. 
6” dia. | Oil quenched 830 C. 55-4 61-5 22 63 


tempered 650 C. 


By utilising the better properties obtainable in more highly alloyed nickel alloy 
steels, dimensions can be reduced, lighter constructions produced, distortion through 
heat treatment minimised and reliability and economy achieved. 


Send tor ‘The Mechanical Properties of Nickel Alloy Steeis'> | a 


MOND NICKEL 


> THE MOND NICKEL COMPANY LIMITED, THAMES HOUSE, MILLBANK, LONDON, SwW1 iL 


TGa 21/2Q0 
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SPECIMEN 
CUT-OFF MACHINES 


SENSITIVE CONTROL .. RAPID... COOL .. CLEAN CUTTING 


For Sections up to | in. The AB.1114 Specimen Cutter is 
ideal for the rapid, cool and clean cutting of small stock of 
} in. diameter. The specimen to be cut is fed into the wheel 
by the clamping vice lever thus enabling the operator to 
“ feel’ the cutting speed. Supplied either on pedestal or for 
mounting on bench, and equipped with coolant supply to both 
sides of abrasive wheel at point of contact with specimen. 


For Sections up to I in. The AB.1010 Cut-Off Machine is 
of | in. diameter capacity, the coolant supply being fed from 
the inside of the wheel cover direct on to the abrasive wheel. 
The specimen to be cut is held securely in a vice fixed to the 
carriage which is fed into the wheel by the hand lever shown. 
The illustration shows only part of the cabinet which stands 
on the floor. 


FULL PROTECTION FOR OPERATOR .... SENSITIVE CON- 
TROL OF CUTTING FEED. 


For Sections up to3\ in. The AB.1000 is a fast cutting, sturdy 

=ame Cut-Off Machine for dealing with specimens up to 34 in. section. 
The cutting operation is effected by the hand lever Fig. 1 outside 
the cabinet body thus permitting the hood to be closed and 
protecting the operator against fragmentation and the effects of 
cutting toxic materials. Apart from the standard specimen clamp, 
a Subjet Attachment Fig. 2 is also supplied which enables the 
specimen to be completely submerged, high velocity jets of coolant 
also being sprayed on to both sides of the wheel immediately at 
the point of contact with the specimen. 


SHANDON 


Fig. 2 


SHANDON SCIENTIFIC CO. LTD... CROMWELL PLACE, LONDON, S8.W.7. 


Telephone: KNIGHTSBRIDGE 1131. 
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AUTOMATIC DEW POINT RECORDERS AND CONTROLLERS 


7 
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Signal Controller Recorder Controller 


Autocarb systems automatically adjust the flow of air or enriching hydrocarbon to the furnace or generator 
in direct response to the dew point of the atmosphere. Specified conditions are automatically maintained. 
Autocarb systems are simple compact units which indicate, record and control the dew point of gas atmos- 
pheres in continuous or batch furnaces and atmosphere generators. They can control dew points to within 
plus or minus two degrees. On continuous furnaces separate zones of atmosphere control can be established 
and automatically maintained. If manual control is preferred, the Autocarb line includes simple recorders 
or indicators. On batch furnaces the Autocarb system will maintain the desired carbon potential for each 
temperature established in the heating chamber. On endothermic gas generators Autocarb systems auto- 
matically and continuously compensate for fluctuations in the composition of the reaction fuel gas supply 
and the humidity of the reaction air. This keeps constant the dew point of the product gas. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO, USA 


METALLURGIA, November, 1959 91 


Over 70 heavy duty type MDX motors have been 
supplied to Richard Thomas & Baldwin Ltd., for use 
in their Ebbw Vale works. The illustration shows ten 50 
hp motors driving screwdowns on a five stand strip mill. 


A.E.1. type MDX motors have been specially designed to 
operate under the arduous conditions of iron and steel works. 
Their strength and reliability,and the exceptionally low inertia 
of the rotating parts make these machines ideal for driving a 
wide range of steelworks equipment. The use of mica and 
glass insulation suitable for high temperature operation 
enables the motor to withstand heavy overloads. 

Available totally enclosed, up to 200 hp, or self-ventilated, 
upjto 250 hp. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


MOTOR & CONTROL GEAR DIVISION RUGBY & MANCHESTER, ENGLAND 
(§) uvconrozatine THE MOTOR & CONTROL GEAR INTERESTS OF BTH & M-V 0,9 
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RESOLVING 
POWER 
BETTER 


The new EM 200 electron microscope stems from the 
Philips experience and research that produced the EM 100 
and EM 75. Though it nas a high performance, it is 
remarkably easy to use —a most important feature in 
this type of equipment. 


Exact, rapid alignment of column - Direct, visual corree- 


tion of astigmatism in less than a minute - Column having 


Complete after-sales service can be provided under contract - Further information supplied on request 


...with traditional PHILIPS case of control 


high degree of mechanical stability High stability 
electronic circuits of unsurpassed performance Magnifica- 
tion: 750 x 100,000 x on film, 1,500 x 200,000 x on plates 
Survey magnification down to 300 x - Double condenser 
lens for 1-24 beam spot. Built-in specimen chamber 
cooling device + Both roll film (40 exp.) and plates (12 pl.) 
Built-in automatic shutter - Built-in vacuum desiccating 
chamber - Selected area electron diffraction - Accelerating 
voltages up to 100 kv. 


Overseas enquiries, please, to the manufacturers, N. V. Philips, Eindhoven, The Netherlands. 


Sole Distritweors in v.K. RESEARCH & CONTROL INSTRUMENTS LTD. 


INSTRUMENT HOUSE, 207 KING’S CROSS ROAD, LONDON, W.C.1 


METALLURGIA, November, 1959 


TELEPHONE: TERMINUS 2877 
(RCL 0434) 


THE NEW PHILIPS £57 200 | 
‘= 
j 
\ 
ye 
q | 
23 


Heat Treatment 


—Gas Board Demonstrates 
latest developments. 


In this modern general metals 
age of ours it seems a far cry to the 
days when the heat treatment of metals 
was considered to be a ‘ black art’ 
and when the closely guarded secrets 
of the swordmakers and workers in 
precious metals were handed down 
from father to son. Today we 
recognise the value of the compara- 
tively new technology of metallurgy 
and realise the benefits our civilization 
receives from the new metallic alloys 
and from the new plants and methods 
of processing these alloys which have 
been developed during the last few 
decades. 


The type of plant we have in mind 
includes such items as the new heat 
treatment furnace which the West 
Midlands Gas Board recently has had 
installed in its Heat Treatment Service 
establishment located at Adderley 
Strect, Birmingham 9. This establish- 
ment was brought into being by the 
Birmingham Gas Department more 
than 40 years ago and the plant has 
been continually brought up to date. 
The experience of the metallurgical 
staff of the ‘ service’ is considerable 
and this is reflected in the quality of 
the supervision given to all the heat 
treatment processes carried out at 
Adderley Street, as well as in the 
advice given to consumers concerning 
the use of gas fired plant. This new 
item of plant, one of the first of its 
kind to be installed in the Midlands, is 
an atmosphere controlled batch-type 
unit, capable of accepting a total load 
measuring 3 ft. o in. wide, 2 ft. o in. 
deep and 1 ft. 6 in. high, and operating 
up to temperatures of 950°C. The 
furnace itself comprises two separate 
chambers, a hot zone, heated by re- 
cuperative gas fired nickel-chrome 
radiant tubes, placed above and below 
the work chamber; and a water 
jacketed discharge vestibule. An oil 
quench tank is incorporated below this 
vestibule and both the vestibule door 
and the inner furnace door are power 
operated, 


Controlled atmospheres, suitable 
for a wide variety of treatments 
including clean hardening and 
annealing, gas carburising and carbo- 


24 


This Gas-fired furnace of new design for gas carburising and clear 
heat treatment in controlled atmospheres is a working exhibit at the 


Board's Heat Tr 


nitriding, are supplied from an endo- 
thermic generator forming part of the 
plant. This generator is fired by 
towns gas but uses propane gas and 
air for the production of the endo- 
thermic gas. Both propane and 
ammonia enrichment are provided, 
for use when gas carburising or carbo- 
nitriding, and it is possible to vary 
the ‘dew point’ of the atmosphere 
gas in order to provide clean heat 
treatment of steels over a wide range 
of specifications. 


The furnace is operated from a 
control panel and desk which provides 
automatic furnace temperature re- 
cording control, atmosphere control 
and push button control of all the 
power operations attendant upon the 
charging, discharging and quenching 
of the furnace load, which thus become 
automatic operations, each action 
being indicated by signal lights on the 
panel. Vertical flow gauges and dial 
gauges incorporated in the panel 
complete the instrumentation of the 
plant, and the panel thus gives the 
operator an immediate picture of the 


Service establish t 


stage of the process and the state of 
the plant at any given time. 


In order fully to demonstrate this 
plant to prospective purchasers it is 
ot course necessary to operate it ona 
commercial heat treatment shop basis 
and the Board’s Heat Treatment 
Service is open to receive orders for 
the gas carburising of such items as 
crown wheels and pinions, gears, cams 
and cycle components, clean annealing, 
hardening, and tempering of special 
die blocks, machined parts and similar 
items. All this work would be 
carried out to the requirements of the 
client concerned, would be supervised 
by qualitied metallurgists, and when 
necessary would conform to the 
dictates of any inspection approval. 


Industrialists, metallurgists and 
plant engineers are invited to inspect 
any of the items of plant at Adderley 
Street either with a view to installing 
similar plant at their own works or for 
the purpose of assessing the usefulness 
to their own organization of the com- 
mercial heat treatment facilities pro- 
vided by the ‘Service’. 


This is an advertisement by the West Midlands Gas Board 
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The Atomat Principle 
RAY SOURCE 
MATERIAL 
RAY DETECTOR 


Amount of rays passing 
through material indicates thickness 
or weight per unit area. 


That’s the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Cold Strip 
Gauge, the Hot Strip Gauge and 

the Beta Gauge. j 
In addition there are special purpose me 
variations, made to meet the 

requirements of many different 

industries. 


HERE’S WHAT AN ATOMAT 
GAUGE CAN OFFER YOU 


Time and material saving both in 
production and setting up 


High accuracy 
Calibration in your usual units 
of measurement 


Continuous readings for materials 
in constant production 


Auto standardisation and control if you require 
Minimum maintenance 


Baldwin Atomats are already boosting production and 
cutting costs in the paper, metal rolling, rubber 

and plastics industries. Highly successful 
applications also include the measuring of selenium 
on aluminium, coatings of paint and lacquers, density 


DARTFORD 6411 & 2948 Cables and Telex 
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Baldwin Atomat Nucleonic Thickness Gauges 


ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 


of wood chips, coatings of grit on abrasive papers - 
and padding and resin impregnation in the textile = 
industry. But the potential of Baldwin Atomat eee Send for the Baldwin Brochure MA 124 
Nucleonic Gauges has hardly been tapped. — » It gives full information 

¥ INSTRUMENT DIVISION on Atomat Gauges clearly 
Is there a place for them in your plant? 4 and concisely. 


BALDWIN INDUSTRIAL CONTROLS 


Baldwin Instrument Company Limited, Dartford, Kent Group company 


Baldwin, Dartford 
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TWO DIRECT GAS-FIRED CON- 
VECTION TYPE FURNACES 
WITH HIGH SPEED RECIRCU- 
LATING FANS FOR HOMOGEN- 


By kind permission 
Messrs. Reynolds T. 1. Aluminium Co. Ltd 


GIBBONS BROTHERS LTD 


P.O. BOX 19, DIBDALE, DUDLEY, WORCS 
TELEGRAMS : “GIBBONS, DUDLEY” TELEPHONE: DUDLEY 55141 (P.B.X.) 
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Compactness of furnace layout is 
matched by the amazing density of loading 
in these INCANDESCENT gas 

carburizing furnaces. Such performance 

is made possible by two special 
INCANDESCENT features 


Circulating fan which ensures 


consistent uniformity of case depth. 


Jetube heating with its special 
recirculation system which transmits heat 
to the load with maximum speed and 


efficiency. 


Photographs by courtesy of The Ford Motor Co. Ltd. 


INCANDESCENT 


THE INCANDESCENT HEAT CO. LTD. * SMETHWICK * ENGLA‘D 


13/4A/59 
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“VACUUM MELTED 


-»» COULD A VACUUM FURNACE 
DO THE SAME 
FOR YOUR PRODUCTS? 


Model 2555 Vacuum Induction Fur- 
nace with melting capacity of 50 
pounds of steel. Other standard 
furnaces have capacities of 12 to 
3,000 pounds 


Model 2705 Non-Consumable Arc 
Skull Furnace with a capacity of S50 
pounds of titanium. Other standard 
vacuum arc furnaces have capacities 
of 8 to 10,000 pounds of titanium 


ELecraic 


BARHELD) 


/ 


A 


for all heat-treatment purposes 


METAL 


Metals for parts to withstand jet engine temperatures 
and stresses can be produced in vacuum furnaces. 
Such metals enable components to be made with 
fewer rejects. If your products need parts that 
operate under severe conditions or need high purity 
metals or alloys—a vacuum furnace will help you 
to produce them, 

Wild-Barfield can supply equipment made to the 
designs of and tested by the unrivalled experience 
of the National Research Corporation who have 
built and operated more high vacuum furnaces 
than any other company in the world. 

Write for details of the Wild-Barfield NRC range 
of high vacuum plant. 


WILD-BARFIELD NRC EQUIPMENT INCLUDES: 


VACUUM INDUCTION FURNACES 
VACUUM ARC FURNACES 
VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING EQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 
LABORATORY VACUUM FURNACES 


is the trade-mark of the National Research Corporation, 
registered in the United States Potent Office. 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS * OTTERSPOOL WAY * WATFORD BY-PASS - 
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WATFORD HERTS. 


Telephone: Watford 26091 (8 lines) 
we 64 
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furnaces 


¥ 


An installation of pit type furnaces with separate cooling 
chambers and oil and water quench tanks for carburising 
and hardening motor gear box parts. 


P Austin, Ford, Humber, and 
other leading motor manufacturers chose Efco 
Furnaces for hardening, gas carburising or 
carbonitriding gear components. 

When you decide on Efco furnaces you may 
pick from the best of the World’s current 
designs. For carburising and carbonitriding 
quench furnaces, and vertical furnaces with furnaces for carburising and carbonitriding gear compo- 
separate cooling chambers. For hardening nents. The furnaces are electrically heated with Corr- 
there are many continuous designs including 
shaker hearth, roller hearth and pusher 
furnaces. 


therm elements. 


BEST OF THE WORLDS 
CURRENT FURNACE DESIGNS 


ELECTRIC RESISTANCE FURNACE CO. LTD : 

NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY Weybridge 389! 
Associated with Electro-Chemical Engineering Co Ltd = 
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tools 


STAG 


ATHYWELD 


DEPOSIT WELDING PROCESS 


Most intricate repairs or welds can 
be accomplished by this process on 
high alloy steels, mainly because the 
process enables a delicate control 
to be kept metallurgically and 
physically. The process eliminates 
fierce heating and cooling of the 
parts. 


Damaged alloy steel dies for pres- 
sure castings, etc. can also be 
repaired. Above is a group of H.S.S. 
cutters and alloy dies as received by 
the Engineers’ Tool Department be- 
fore welding, the arrows indicating a 
few of the areas of damage, perfectly 
restored after welding. 


The close-ups show the damage to 
important faces of a die, and the 
same die after welding before finish 
machining. 


ease send Athyweld data to: 
IMPERIAL STEEL WORKS SHEFFIELD: 9 | 


_ For this Booklet post the coupon to-day 
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Keseatch 
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A copy for the asking... 


In days when time is money and competition gets keener, the import- 
ance of cutting oils and lubricants is often overlooked. 


To help engineers and others concerned with the selection of the right 
cutting oil for a particular operation, we have produced the above 
booklet. If you have not received a copy, please—in your own 
interest—write for one to-day, on your business heading. 


The booklet is not a general treatise on cutting oils. It is, nevertheless, 
a helpful guide in the selection—-with the advice of Edgar Vaughan & 
Co. Ltd.—of the most suitable and economical oil or lubricant for a 
specific job of work. 


In a general way, the booklet covers Neat Cutting Oils, Broaching Edgar 
Oils, Soluble Oils of all types, Grinding and Drawing Compounds. } | 


€ Co Ltd 


BIRMINGHAM 4 ENGLAND 


Works and depots at: Birmingham, Manchester, 
Liverpool, Southall (Middx.), Bristol, Glasgow. 
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SHELL-MEX AND B.P. GASES 


carry weight in industry 


i ial atmospheres 
ducing special at ) 
at E.N.V. Engineer 
y Limited. 


Birlec 
for gas 
Compan 


Propane and Butane are now 
available to industry from the 
great British refineries of the 
Shell, Eagle and BP Groups. ‘ 
They are petroleum gases 
delivered and stored as liquids 
under moderate pressure. 
Propane supplied by Shell-Mex 
and B.P. Gases Limited provides 
industry not only with a high 
calorific value fuel gas 
(approximately 2,500 B.t.u./cubic 
foot) but also with 

an excellent medium for the 
production of special furnace 
atmospheres. 

It is widely used for gas 
carburizing, carbonitriding and 
bright annealing of ferrous 

and non-ferrous metals. 
‘Bottogas’ Butane is used as 
a fuel for fork lift trucks and 
for many other specialised 
applications. 


SHELL-MEX AND B.P. GASES LIMITED 


CECIL CHAMBERS - 76-86 STRAND - LONDON WC2 Telephone TEMple Bar 1234 
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reasons 
for choosing 
Honeywell 
Millivoltmeters 


Versatility of form and versatility of function. 
Honeywell Millivoltmeters provide 
any of four different controls: 


Honeywell 
Frits Couto 


High level safety cut-off 


2-position with adjustable neutral zone 


3-position, providing adjustable ‘‘ on,”’ and 
live or dead neutral control through contactors WRITE OR SEND THE COUPON TODAY TO: 
Honeywell Controls Ltd. Ruislip Road East 
Greenford, Middlesex. WAXlow 2333 


pulse-proportioning control to vary ratio of 
time to time in fixed time cycle 


Please send: 
Full information on millivoltmeters 


Address of your nearest branch office 
(tick where applicable) 


2 Simple, safe design... 


3 Speedy changes of plug-in NAME 
ite... 
measuring and control unit — 
ADDRESS 
4 Cheaper, safer, more efficient plant operation... - 
at an extremely low cost 
Branch offices in 10 cities in the U.K. and throughout the 
world. 
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OPTICAL IMMERSION 
PYROMETER 


This instrument opens up an entirely new 
approac h to the temperature measurement 


of molten metals in crucibles and ladles; 


it completely overcomes the limitations 
imposed on the normal optical pyrometer 
and is less expensive to use than the 
thermo-electric type. is extremely 
simple to operate and accurate readings can 
be obtained in only 6-10 seconds. In the 
event of the refractory sheath breaking a 


new one can quickly be fitted at small cost. 


a 


FOSTER INSTRUMENT COMPANY LIMITED 
Letchworth (984-5-6) Hertfordshire - England 
Members of S.1.M.A. and B.I.M.C.AM WT. 


For full details write for brochure SP 202 


if VETALLURGIA, November, 1959 


4 
"4 
é 
| | 


PLANT 


Newton Ghambers 


_ CHAMBERS bring to the service 
of the steel industry years of specialist 
experience in the design and manufacture of 


heavy steelworks plant and equipment, and 


are keeping abreast of modern requirements 
by their own developments and by entering 


into arrangements to manufacture new types 
of plant developed overseas. 


Recent extensions to our shops, with the 


provision of new equipment, enable us to 


make even larger, heavier and more intricate 


fabrications. Today, we are one of the largest 


suppliers of steelworks ancillary plant, includ- 
ing ladles up to 300 tons capacity. 


Slag Ladies and Carriages 

Hot Metal Ladies and Carriages 

e Ingot Casting Cars 

e Ingot Transfer Cars 
e Specia! Transport Equipment 
« Gas Cleaning Plant (Bischoff) 
« Pig Casting Machines 
« Recuperators and Heat Exchanger: 


Newton 
Chambers 


ENGINEERING DIVISION 
THORNCLIFFE » SHEFFIELD 


aye 
+ 
j 
ah 
RIGHT 275 ton capacity Stee! Casting Ladle or Tohn and Limited. 4 L 
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when to-day's ho ht | 
become to-morrow’s techniqu 
DYSON REFRACTORIES’ 


will be ready ~ 


J & J. DYSON LTD 


STANNINGTON SHEFFIELD 
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OXYGEN PROCESSES 


BRITAIN'S foremost builders of steelmaking plant 


consult 


Marking a new departure 
in the practical field of 
oxygen steelmaking, this 20 
ton unit for refining blast 
furnace metal was designed, 
in collaboration with the 
Brymbo Steel Works, and 
constructed by Wellman. 


Refining is effected by in- 
jecting oxygen and powdered 
lime, through automatically 
controlled lances, into the 
bath. 


The vessel has provision 
for :— slagging, adding scrap 
and fluxes, fettling, and 


sampling during operation. 


This is a further example 
of Wellman activities in 
providing designs and equip- 
ment for new steelmaking 
techniques involving the use 
of tonnage oxygen. 


WELLMAN SMITH OWEN ENGINEERING 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1_ 


WORKS: DARLASTON, South Staffs, & BELFAST. 
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acceptable. In fact, owing to difficulties arising from 


Progress in Steelmaking 


TH news that the melting shops of the Steel, Peech 
and Tozer branch of The United Steel Companies 
are to be transformed, the open hearth furnaces being 
completely replaced by electric furnaces, gives point to 
an article entitled ** Revolution in Steelmaking.” which 
appeared in the October issue of Steel Reriew. in which 
the author points out that the 


the high sulphur and alumina content of some of the 
home ores, and the consequent variability of the pig iron 
made from them, the basic Bessemer steel which was the 
final product could not be relied upon to give the quality 
demanded by the great steel-consuming industries. In 
consequence, British Standard Specifications ruled out 
hasic Bessemer stecl for many purposes, and the process 
eee in this country fell into disuse 


- 


three principal methods of in the early 1920's. ‘Throughout 
making steel in bulk—the acid We take this opportunity of extending the years, however, the acid 
Bessemer. the basie Bessemer, ‘* to Readers our Cordial Greetings for * “y Bessemer plant at Workington 
and the open hearth—were all it the Festive Season and Good Wishes ., has maintained its reputation 
invented between and for the Coming Year. for the manufacture of steel rails 
and were responsible for making oo by virtue of the low sulphur and 

all the commercial phosphorus content of the Cum 


practically 
steels until the 
clectric furnace. 


First World War. Since that time the 
both are and induction types, has made 


great strides. One of the principal advantages of 
electric furnace melting is the ability to operate on 
100° serap charges and to produce steel of high quality. 


On the other hand. the conversion costs are higher than 
in the traditicnal steelmaking and until 
recently the process has largely been confined to the 
production of steels cf special high quality. The develop- 
ment of larger furnaces, however, has led, particularly 
in the United States, to its use for the manufacture 
other steels. The largest are furnaces in operation in 
this country at present are the two €0-80 ton units at 
the Stocksbridge works of Samuel Fox & Co., Ltd., but 
the six units to be installed in Steel, Peech & Tozer’s 
‘Lempleborough melting shop will each have a capacity 
of 1l0 tons. Although, when completed, Templeborough 
will be the largest all-electric melting shop in the country, 
it will not be the only one, as there is already in existence 
the Brymbo plant where the open hearth furnaces have 
been dismantled and replaced by 40 ton are furnaces. 
Bryvmbo also has the distinction of being the first electric 
furnace plant operating on scrap and pre-refined pig iron. 

Although electric steelmaking is undoubtedly on the 
increase, it is likely that. for some time to come, the 
bulk of British steel will be produced by the Bessemer 
and open hearth processes, or modifications of them. 
Historically the acid Bessemer was the first process for 
bulk steel production, followed by the open hearth 
process, which could handle scrap, and later by the 
Bessemer process. The latter known on the 
where it widely used the Thomas 
process, after Sidney Gilchrist Thomas, who invented 
it in this country in IS78. ‘Lhe process adopted by any 
company depends on a number of factors, both technical 
and economic. A Bessemer plant involves lower capital 
expenditure at the steelmaking stage. and has lower 
operating costs than the open hearth, but it cannot deal 
with large amounts of scrap and it is more demanding in 
its raw material requirements. Furthermore its product, 
particularly by the basic not universally 


pre ICOCSSCS, 


basic is 
Continent 


Is as 


process, is 


of 


berland hematite ore on which it is based 

The 1950's saw the rebirth of the 
process, when Stewarts and Lloyds set up a new plant at 
Corby, where, by preparation of the local Northamp*to» 
shire ores and treatment of the pig iron with sede 
to deal with the sulphur, it was proved to be feasible and 
cconomic to make dead soft steel for tube-making by th 
basic Bessemer A similar development wa 
made in 1938 for making dead soft sheet steel by this 
process at Ebbw Vale. ‘Lo put these developments inte 
perspective, however, it should be pointed out that at 
the end of the war, the open hearth process accounted 
for SS8°,, of the steel produced in this country, the 
remaining 12°,, being equally divided between the 
Bessemer and electric processes 

Reference was made earlier to the drawbacks to the 
Bessemer process. ‘Two of these—the high phosphorus 
content required in the pig iron and the high nitrogen 
content of the steel produced—have their origin in the 
fact that the liquid iron is blown with air. If the metal 
were blown with oxygen instead of air, there would be no 
nitrogen pick-up and such a high phosphorus content 
would not be needed to maintain the required tempera- 
ture in the melt, as the heat losses in the form of hot 
nitrogen waste would eliminated. With the 
development of tonnage oxygen plants, the basic 
Bessemer method has modified in two ways in 
Gcormany In some the nitrogen content 
reduced by replacing part of the blowing air by oxygen, 
and as an alternative the air blast is replaced entirely by 
a mixture of roughly equal proportions of oxygen and 
steam. In the latter case the resulting steel is almost 
free of nitrogen. Both the Corby and Ebbw Vale plants 
are equipped for blowing with either air or oxygen 
steam, according to quality, and the new Bessemer 
plant recently installed at the Abbey Works of the 
Steel Company of Wales is entirely oxygen steam blown 
for the making of special dead soft steels 

As a result of experiments in Austria since the 
Second World War, what is known as the L-D process 
has been developed, in which the air blast of the normal 


hasic Bessemer 
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vas he 


been 


cases is 


converter is replaced by a jet of tonnage oxygen directed 
on the surface cf the liquid pig iron, and travelling at 
supersonic speed. ‘The oxygen penetrates into the metal 
and carries out the conversion into steel at almost the 
same rate as in the traditional process. ‘This process 
combines the advantages of low capital expenditure in 
the steel plant, high speed of working and low operating 
costs, with a wider application range as regards phos- 
phorus content, and gives steel with a very low nitrogen 
content. After prolonged testing, this steel is now 
accepted by Lloyds inspectors as equivalent to open 
hearth steel in many specifications. ‘Lhis, of course, 
means that it is possible to produce open hearth quality 
steels at Bessemer prices. The L-D process is to be the 
sole means of steelmaking at the new Colville and Richard 
‘Thomas & Baldwin strip mill plants. 

Oxygen blowing has also been developed for normal 
electric are furnaces, where marked economies can be 
effected in the manufacture of alloy steels, particularly 
of the stainless type. At the Brymbo plant referred to 
earlier, the key unit is the specially designed tiling fur- 
nace in which oxygen and lime powder are blown into 
the liquid pig iron and most of the impurities are re- 
moved before the metal is transferred to the 40-ton are 
furnaces for final refining. 

In the open hearth process, too, oxygen is playing an 
increasingly important role, with a view to increasing 
the rate of working and reducing the fuel consumption. 
The metallurgical load on the furnaces, which is higher in 


Meeting Diary 


4th January 


Institution of Works Managers. Open Discussion on 
Management Problems with Str ALEXANDER FLeck. Board 
Room of the Manchester Chamber of Commerce (rear entrance ), 
King Street, Manchester. 6.30 p.m. Admission by ticket only, 


obtainable from S. S. Brown, 463, Kings Road, Stretford, 
Manchester. 
5th January 
Institute of Metals, Oxford Local Section. © Brittle 


Fracture’, by Pror. N. J. Percu. Cadena Cafe, Cornmarket 
Street, Oxford. 7 p.m. 

Institute of Welding. 
“The Magic Arc” by Pror. H. 
London, 8S.W.7. Ticket only. 

Sheffield Metallurgical Association. Annual General 
Meeting of the Methods of Analysis Group and Presidential 
Address by the New Chairman. B.I.S.R.A. Laboratories, Hoyle 
Street, Sheffield, 3. 7 p.m. 

6th January 


Institute of Welding, Manchester and District Branch. 
* Inspection and Interpretation of Welding Codes”, by G. 
ATKINSON. Reynolds Hall, Manchester College of Science and 
Technology. 7.15 p.m. 


Christmas Lecture to Young People : 
54, Princes Gate, 


7th January 

Institute of Metals, London Local Section. ~~ The Rolling 
of Aluminium ”, by Dr. F. Kasz. 17, Belgrave Square, London, 
S.W.1. 6.30 p.m. 

Leeds Metallurgical Society. © Modern Developments in 
Metallurgical Analysis", by K. M. Brits. 

i2th January 

Institute of Metals, South Wales Local Section. * Metals 
in Antiquity ", by L. Brex. Royal Institution, Swansea, 7 p.m. 

Institution of Plant Engineers, Manchester Branch. 
Paper by Pror. O.B.E., F.R.S. Engineers’ Club, 
Albert Square, Manchester. 7.15 p.m. 

Sheffield Metallurgical Association. Annual General 
Meeting of the Refractories Group and Presidential Address by 
the New Chairman. B.I.S.R.A. Laboratories, Hoyle Street, 
Sheftield, 3. 7.30 p.m, 


Britain than elsewhere, is reduced in some plants by 
blowing the pig iron with oxygen in a ladle before charg- 
ing it to the open hearth furnace. Oxygen lancing may 
also be used in the open hearth furnace itself to accelerate 
the rate at which carbon is removed, at the same time 
reducing the operating time and lowering the fuel con- 
sumption. The latest development in open hearth 
practice is to apply the same principles as in the L-D 
converter. As soon as the charge is partially melted, a 
jet of supersonic oxygen is applied above the surface of 
the liquid metal. This penetrates into the metal, 
oxidises the impurities at a very high rate, and generates 
so much heat that a cooling agent—either scrap or ore— 
must be added : no external fuel is required during this 
period. This new application has been developed in the 
large Ajax tilting furnaces at Appleby-Frodingham, and 
in a number of fixed open hearth furnaces at other 
works. 

It seems likely that there will be an increasing use of 
these oxygen-blowing and oxygen-enrichment develop- 
ments in this country, particularly for steels made from 
charges containing a high proportion of pig iron, leaving 
the melting of scrap to open hearth furnaces and electric 
furnaces. ‘The rate of steel production will be consider- 
ably increased, and it is expected that there will be a cor- 
responding reduction in costs, so that, without sacrificing 
quality, the British steel industry will be in a strong 
position to meet the competition of the new processes in 
world markets. 


13th January 


Institute of British Foundrymen, Southampton Section. 
Technical Film Show: * The Foundryman’s Raw Materials "’. 


Liaison meeting with guest members from London. Technical 
College, St. Mary’s Street, Southampton. 7.30 p.m. 
Institute of Welding, South London Branch. ~ High 


Temperature Brazing—-A Modern Joining Method’, by E. R. 
Perry. 54, Princes Gate, London, S.W.7. 7.30 p.m. 

Manchester Metallurgical Society. ©“ The Newer Methods 
of Steelmaking "’, by J. Pears. Manchester Room of the Central 
Library, Manchester. 6.30 p.m. 

Society of Chemical Industry, Corrosion Group. 
* Corrosion Problems of High Temperature Pressurised Water 
Reactors’, by J. N. Wankiyn. 14, Belgrave Square, London, 
S.W.1. 6 p.m. 


14th January 
Institute of British Foundrymen, Beds and Herts. 
Section. ~ Properties of Copper-base Alloy Castings”, by 
F. Hupson. Town Hall, Luton. 7.30 p.m. 


15th January 
West of Scotland Iron and Steel Institute. Joint Meeting 
with the Iron and Steel Institute, Engineers’ Group. 
* Engineering Aspects of a Modern Open-Hearth Steel Plant ”’, 
by J. A. Kitsy and J. C. Gorpon. 39, Elmbank Crescent, 
Glasgow. 6.45 p.m. 


16th January 
Non-Destructive Testing Society of Great Britain. 
~The N.D.T. of Magnesium Alloys”, by F. L. 
Engineering Centre, Stephenson Place, Birmingham. 10 a.m. 


18th January 
Institute of British Foundrymen, East Anglian Section. 
Production of Foundry Sands", by A. R. ApraHaM. Liaison 
meeting with guest members from London. Lecture Hall, 
Public Library, Ipswich. 7.30 p.m. 


Institute of Physics, Manchester and District Branch. 
* Recent 
J. F. Brrks. 
7 p.m, 


Developments in Scintillation Counting”, by Dr. 
Bragg Lecture Theatre, University of Manchester. 
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The Use of Malonic Acid as an 
Anodising Electrolyte 


By J. M. Kape,* M.Sc. Tech.. A.R.LC., A.I.M. 


Malonic acid used as an anodising electrolyte is capable of producing on a wide variety 
of alloys coatings having properties notably superior to those produced by conventional 
anodising methods. The author discusses the various anodic films which can be obtained from 
a12-5°, wv electrolyte using different current densities, temperatures and voltages. The 
coatings formed are of a deep yellow or sepia colour, and can be extremely hard, corrosion 
resistant and abrasion resistant, and possess a high inherent light fastness. 


its alloys, carried out in the Research Division of 


D ie ate work on the anodising of aluminium and 


High Duty Alloys, Ltd., it was noted that a cold 
dilute solution of malonic acid in water functioned rather 
as a barrier-forming electrolyte, insofar as when a poten- 
tial difference was applied to an aluminium anode, the 
current density rapidly fell to nearly zero at any applied 
potential between 0 and 120 volts. The literature on the 
use of malonic acid as an anodising solution for aluminium 
alloys was very scanty, and revealed that malonic acid 
was accepted to cause “ valve action ” of aluminium,' and 
two early patents implied that it was of use in a mixed 
organic electrolyte to form opaque white films,? and 
mixed with sulphuric acid to facilitate the production of 
hard coatings. There appeared to be no reference des- 
cribing the use of straight malonic acid solutions as 
anodising electrolytes, and the work to be described was 
therefore undertaken. 


EXPERIMENTAL 
Early Work* 

Initially, various concentrations of malonic acid 
crystals were dissolved in water in stainless steel con- 
tainers which functioned as cathodes, and it was dis- 
covered that the more dilute the solution the higher the 
voltage required to pass any sizeable current density at 
any one temperature. Ranges of concentration of 
electrolyte from 3 to 25°,, were employed, and it was 
soon discovered that, in order to use malonic acid in 
accepted anodising practice—namely to pass a certain 
current (say 12-15 A. sq. ft. of anode surface) for any 
length of time and obtain a uniform coating—it was 
necessary to : 

(a) Use a moderately concentrated electrolyte (10 

w/v). 

(b) Use a warm-hot solution (40-60° C.), 

(c) Employ a means of very vigorously agitating the 

electrolyte. 

Although anodie films could be obtained in cold dilute 
malonic acid solutions, they were very thin (below 
0-000] in.) and obviously very non-porous with a thick 
barrier layer, as the operating voltage was often 120 
(the maximum obtainable with the generating equipment 
in use). 

Vigorous agitation was essential if coatings having a 


Formerly in charge of metal finishing research at High Duty Alloys Ltd., now 
general manager of B. T, Anodising Co., Ltd 
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Fig. 1. -General view of the anodising equipment. 


uniform appearance were to be produced, as in a stagnant 
electrolyte during anodising it appeared that a viscous, 
wedge-shaped film of electrolyte was flowing up the sides 
of a flat panel. This film of electrolyte was thick at the 
top of the panel and thin at the bottom and, presumably 
allowed the ions responsible for anodic oxidation to 
penetrate it at the base of the panel, but not at the top 
Hence, the finally anodised panel, when checked for film 
thickness with an isometer, would appear thick at the 
bottom end and become progressively thinner towards 
the top end. Correspondingly, the yellow colour of the 
anodic coating was darker at the base of the panel. 

Stainless steel as a cathode metal was not entirely 
satisfactory, using malonic acid solutions, particularly at 
temperatures much greater than 60° C.. when vigorous 
dissolution of the stainless steel occurred. Moreover, at 
such temperatures, some decomposition of malonic acid 
to acetic acid occurred, with a corresponding acceleration 
of the attack on the steel. 

As a result of these investigations, it was decided to 
investigate fully the anodising characteristics of a 
12-5°,, w v vigorously agitated malonic acid electrolyte 
contained in a plastic beaker and using inert carbon 
cathodes. 
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Fig. 2. Variation of voltage with ano- 


dising time at various bath tempera- 
tures: malonic acid (12°5°, 
current density 12 A. sq. ft. 


The 12-5”, w/v Electrolyte 


The apparatus is shown in Fig. 1, and consists of a 
2 gallon polythene bucket fitted internally with small 
porous porcelain air bubblers and polythene cooling coil. 
All tied connections were made with P.V.C. thread. The 
carbon cathodes consisted of thin carbon arc electrode 
rods, surrounded by cylindrical porous pots, closed at 
one end in order te prevent flaking of carbon into the 
electrolyte. 

The first investigation was concerned with the range 


130° 


of operation of the electrolyte, with respect to both 
temperature and voltage relative to the current density 
applied. The material employed was IC alloy (99-5°,, 
Al) containing 0-4°,, Fe. 0-2°, Si and about 0-03°,, Cu. 
Panels, 2 in. = 3 in. l6s.w.g., were etched in a 
10°, w v solution of caustic soda at 55-60° C. for 5 
minutes, dipped in nitric acid, dried and weighed. They 
were anodised in malonic acid for various times at various 
temperatures and various current densities, rinsed for 3 
minutes in running water, and weighed after drying. 
They were then sealed for 30 minutes in boiling distilled 
water, at a pH of 5-5, and dried and weighed. Stripping 
of the anodic film was accomplished by immersion in a 
solution containing 35 ml. phosphoric acid (s.g. 1-75) 
and 20 g. chromic acid in | litre of distilled water, used 
at the boiling point, until no anodic coating remained on 
the surface. After drying, the panels were weighed. 
Figs. 2 and 3 show a plot of anodising voltage against 
time of anodising at various temperatures, using current 
densities of 12 and 24 A. sq. ft. of anode surface, res- 
pectively. Fig. 2 indicates the typical type of voltage- 
time relationship in full, for the 40° C. curve ; there was 
not room to indicate this clearly for all the curves. It is 
seen that, initially, in order to maintain the current 
density, it is necessary to raise the voltage rapidly during 
the first minute—this action presumably forming the 
barrier laver—in accordance with work on other electro- 
lytes by Hunter and Fowle. During the next few 
seconds, the barrier layer perforates, forming pores and 
allowing the electrolyte to penetrate to the hase metal, 
and the film commences to grow. The perforation of the 
barrier layer causes the current to begin to rise and, in 
order to maintain a constant current density, the voltage 
must be reduced to a value known as the forming or 
starting voltage. Once this has been done, the voltage 
must be raised slightly over a period of time to maintain 
the current density constant as the anodic film grows. 
Examination of Figs. 2 and % also reveals that the 
forming voltage is lowered by increase of temperature. 
and is, in fact, extremely sensitive to changes of tempera - 
ture assmallas0-5° C. This is illustrated in Fig. 4, which 
shows the relationship of forming voltage to temperature 
at three different current densities. Fig. 3 shows that. as 
anodising proceeds at 24 A. sq. ft.. there is some dissolu- 
tion of the anodic film’s outer surface in the electrolyte. 
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Fig. 5.—-Variation of coating ratio with 
anodising time at various bath temperatures : ¥ 

malonic acid (12:5°, wv); current density 
12 A. sq. ft. $ 

20 


as shown by the fall of voltage. Moreover, both Figs. 3 
and 4 show that the over-all porosity of the anodic film 
will be much increased by an increase in temperature at 
any current density, owing to the attack by the electro- 
lyte on the pore walls—the voltage rise during anodising 
becoming less as the temperature increases. 

The value of the coating ratio® * obtained during an 
anodic process is of considerable importance in elucida- 
ting the optimum working conditions of the electrolyte 
employed, as far as current density, temperature, and 
time of anodising are concerned. The series of weighings 
carried out on the panels was as follows : 


wt. of panel before anodising 
wt. of panel after anodising 
wt. of panel after sealing 
wt. of panel after stripping 


ai wt. of oxide formed 
The coating ratio is therefore 
wt. of aluminium dissolved 


The coating ratio is plotted against the anodising time 
for various current densities in Figs. 5, 6 and 7, and it is 
seen that at current densities up to and including 24 
A. sq. ft.. the coating ratio increases as the current 
density increases at any one temperature. As the tem- 
perature increases, the coating ratio decreases for all 
current densities, and the coating ratio also decreases 
as the anodising time increases : the tendency for this to 
occur is greater the higher the temperature. The only 
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exceptions to this latter case appear to be the 12 A. sq. ft, 
coatings produced at 50 and 45° C., which show a maxi- 
mum value of coating ratio after about 45 minutes 
anodising. 

The results of these experiments are in agreement with 
both the appearance of the panels and the published 
work of Mason and Slunder.* These authors state that 
electrolytes used at elevated temperatures and with low 
current densities promote light-weight anodic films, 
and also that a long-time treatment in the electrolyte 
tends to decrease the efficiency of the oxide coating 
formation. 

The appearance of the anodised material was of 
interest—a “light-weight coating being formed when 
either the current density was low or the temperature 
high; in particular when these two factors were con- 
jointly operative. Such coatings were light yellow or 
vellowish-white in colour, and were formed as a result of 
the longer time that any one area of the coating had in 
contact with the anodising electrolyte. The longer this 
time was, and the hotter the electrolyte, the greater the 
solution of the film by the electrolyte, and the lower the 
coating ratio. The weight of the coating could be in- 
creased by increasing the current density—this causing 
the film to be formed rapidly and allowing less time for 
the film, at any one stage, to be in contact with the 
electrolyte. From this, it transpires that the highest 
coating ratios in malonic acid anodising will be formed 
using a cool electrolyte and a high current density for a 
short anodising time. Fig. 6 shows that, using a 12-5", 
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w velectrolyte, the coating ratio has a value of over 1-54, 
with a current density of 18 A. sq. ft. (the maximum 
permissible at a temperature of 40°C.). Only at 50°C. 
is 24 A. sq. ft. possible for any length of time, and it is 
seen that the increase in coating ratio made possible by 
the 6 A. sq. ft. increase in current, is more than com- 
pensated for by the 10° C. increase in electrolyte tem- 
perature, the coating ratio after 15 minutes’ anodic 
treatment being barely 1-47. Similar comparisons may 
be made for the variables examined, using Figs. 5-7, and 
it appears that anywhere between 40°C. and 55°C. is 
suitable for the use of the 12-5°, wv electrolyte with 
current densities in the range 15-24 A. sq. ft. The 
uniform appearance of panels produced by such methods 
contirms this statement. 

Fig. 8 shows a plot of the coating ratio against various 
operating temperatures for coatings produced in 60 
minutes, using three different current densities. The 
graph clearly illustrates the superiority of the 24 A. sq. ft. 
coatings over those produced at 12 A. sq. ft. over the 
whole range of temperatures, but shows a current density 
of 30 A. sq. ft. to lower the coating ratio considerably, 
the higher the temperature, possibly due to a secondary 
anodic reaction (i.e. the rapid decomposition of malonate 
10N). 

The increase in weight on sealing was expressed per 
100 g. of anodic film and, if all the anodic film is converted 
to bohmite in accordance with the equation 
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Fig. 7..-Variation of coating ratio 
with anodising time at various bath 
temperatures and various current 
densities : malonic acid (12-5°,, w/v). 


Al,0,—_——~ Al,0,. H,0, 
sealing in 


boiling water 

then 100 g. of anodic film increases in weight by 17-73 g. 
Fig. 9 shows the result of plotting the coating ratio 
against the percentage gain in weight on sealing. The 
curve indicates that, even at very high coating ratios, 
such as are obtained by using a cool electrolyte and a 
high current density, the percentage increase in sealing 
weight tends towards a minimum of 3°... In other words, 
the pore structure of such coatings is always such as to 
allow some penetration of water and hydrolysis to 
béhmite. Gains in weight on sealing greater than 6°,, 
were, in general, obtained with anodic films formed in 
45 and 60 minute anodising times in the high temperature 
electrolyte. The 24°, gain was a 60 minute, 48 A. sq. ft.. 
70°C. coating. This effect is due to attack by the hot 
electrolyte on the pore walls of the oxide, probably 
leading to pores of a funnel shape at the surface of the 
anodic film. This structure allows easy penetration of 
water molecules into the pores and subsequent hydration 
of a great proportion of the coating It is possible 
that, above 60°C., attack by the electrolyte — is 
increased by some decomposition of the malonic acid to 
acetic acid, either by hydrolysis (HOOC.CH,.COOH_ - 
CH,.COOH + CO,) or cathodic decomposition. 


Hardness and Abrasion Resistance 


A series of commercially pure aluminium cylinders 


Fig. 8. Variation of coating ratio with bath 

temperature at various current’ densities: 

malonic acid (12-5°,, w/v); anodising time 60 
minutes. 
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0-6 in. high and in. in diameter were machined from 
forged bar and polished on one face to a mirror finish. 
They were then anodised at various times tem- 
peratures as indicated in Table I, using the 12-5°,, wv 
malonic acid electrolyte. 

Table I also contains figures for the abrasion resistance 
of the coatings expressed in two different ways. The 
apparatus used was in accordance with the Schuh & 
Kern method described in B.S. 1615 : 1949, Appendix D. 
A standard coating prepared in accordance with the 
method described in Appendix C had an abrasion re- 
sistance of 22 g 

The cylindrical specimens, after the anodic treatments 
described in Table I, were sealed in boiling distilled 
water for 30 minutes and weighed, after drying and 
wiping off the surface bloom with cotton wool. The 
thickness of the anodic coating on each specimen was 
then carefully taken with an isometer. ‘lhese figures 
are recorded in Column Table I, and are the 
average of three readings at three different places on the 
surface of the specimen, which had been previously 
polished. The cylinders were then abraded with 150 
mesh Carborundum, exactly as described in Appendix 
D of B.S. 1615: 1949, except that the air pressure was 
15 cm. of mercury. When the coating was penetrated, 
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the specimens were reweighed and the weight of Carbo. 
rundum used to test each specimen, recorded (Column 5, 
Table 1). Knowing the thickness of the coating, the 
specific abrasion resistance could be calculated, and is 
expressed as g. of Carborundum required to penetrate 
0-001 in. of coating (Column 6). Assuming the density 
of a coating to be 2-5, and if the weight of Carborundum 
required to penetrate is known, then the abrasion resis- 
tance may be expressed as volume (in ml.) of coating 
worn away by 1,000 g. of abrasive (Column 8). 

The Vickers hardness of the coating was determined 
prior to weighing the specimens on the first oceasion. A 
Vickers projection microscope accessory was employed, 
using a load of 50g. With some of the coatings it was 
extremely difficult to see the impression, so a 100 g. load 
was employed. With a few of the specimens the im- 
pression was invisible with any load. The loading time 
was 15 seconds and the results in Column 9 are the 
average of ten readings. <A load of 20g. was employed 
for the unanodised specimen. 

Fig. 10 is a plot of surface hardness against the ano- 
dising time, and shows that the hardness diminishes 
considerably as the anodising time increases— allowing 
more attack by the electrolyte on outer layers of the 
anodic film as it grows, and thus promoting an increasing 
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Fig. 10. Variation of hardness with 
aunodising time: malonic acid (12:5° 
wv); bath temperature 55 C. 


Fig. 11. 
malonic acid 


surface pore volume. The specific abrasion resistance 
figures showed the same tendency, but, as expected, the 
relationship was not clear cut, owing to the fact that the 
abrasion tests record an average figure for the whole 
coating, whereas the surface hardness figures are a 
measure of the condition of the outer layers. The hard- 
ness values of the 15, 20 and 45 minute coatings were very 
high—equivalent to those which had been found on hard- 
anodised surfaces.* 


Figs. 11 and 12 record the variation of abrasion 
resistance with anodising temperature. 


percentage 
increase in weight on sealing of up to about 4°,, causes 
little change in the abrasion resistance expressed in ml. 
coating worn away by | kg. of abrasive, However, at 
65° C. and above, the abrasion resistance decreased at a 
very rapid rate with anodising temperature—as illus- 
trated in Fig. 11. Fig. 12 shows the same effect—the 
specific abrasion resistance at 80° C. being approximately 
a quarter its value at 40° C. Unfortunately, not enough 
readings could be obtained to ascertain whether the same 
effect was operative with surface hardness, but it appears 
from Table I that the tendency is for this property to 
decrease appreciably with anodising temperature at 
70° C. and above. 
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Variation of abrasion resistance with bath temperature : 
(12:5°, wv); current density 12 A. sq. ft. 


Use of the 12-5°, w,v Electrolyte with Various 
Alloys 

Alloys other than commercially pure aluminium may 
be processed in a 12-5°, malonic acid electrolyte. A 
large variety of different material specifications was 
anodised, and it was noted that the coating colour and 
type of voltage behaviour were very similar to those 
when oxalic acid was employed. Examples of the be- 
haviour of some alloys are given in Table II, and it 
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Fig. 12. Variation of abrasion resistance 
with bath temperature: malonic acid 
(12-5°, wv); current density 12 A. sq.ft. 
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Fig. 13. Variation of corrosion resistance 


with anodising and sealing methods. 
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should be noted that higher voltages are required to 
process commercially pure aluminium = and alloys 
containing silicon, manganese and copper, and lower 
ones for magnesium and zine. All alloys were suspended 
in the bath with commercially pure titanium wire. 


Corrosion Resistance 
Three sets of experiments were designed to test the 
resistance of the malonic acid anodised coating to 
corrosion. These were : 
(‘) Comparison of HIOQ W = material anodised and 
sealed by various methods. Resistance to 
% months’ intermittent immersion in 5°,, salt 
water. 


(i) Comparison of HFI5 WP and D.T.D. 683 alloys 
TABLE Ill ANODISING OF CORROSLON TEST PANELS LN W ALLOY 
Tem 
Time of | perature, Current | | Coating 
Anodising Proeces- of Pro- | Density } one Thick Coatin 
Bat sing cessing | ness Ratio 
min.) CCD sq. ft. | (in.) 
Sulphuric Acid (10% 
wiv) j Is 24 = 1-522 
Malonic Acid (12-5° 
Sulphamic Acid (15°, 
wiv) Sm #0003 | 1-309 


Fig. 14. Variation of number of corrosion 
pits with anodising and sealing methods. 
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anodised various ways. 
intermittent immersion in salt water. 
Galvanic corrosion tests on variously anodised 


NS4 $H brass couples. Resistance to 5°, salt 
water. 

W (Si 0-97°,.. Fe 

0-05°,). 


Sets of panels—5 in. 


0-399, Mn 0-538%, Cu 


2 in. ls.w.g. were etched 
in 10°, NaOH for ten minutes at 60°C. and then 
anodised as detailed in Table II]. Sets of duplicate 
panels anodised by each of these methods were then 
sealed in the following solutions : 

(1) Boiling distilled water pH 5-6, 30 minutes (H). 

2) Boiling 5°, wv sodium dichromate solution, 
15 minutes (C). 
Lanoline, 90° C. (panels heated to 90° C. before 
dipping), | minute (L). 

The panels were removed from test after 9 months’ 
intermittent immersion in salt water at room tempera- 
ture and allowed to stand in cold concentrated nitric acid 
for 30 minutes to remove excess corrosion product. They 
were dried and weighed and the number of pits over 
I] mm. diameter determined. Figs. 13 and 14 record the 
results of the experiments in the form of block graphs 
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(i) WP and D.TLD. 683 

Sections of forged block were machined to panels 
approximately 2m. 3in. Jin. and anodised as 
detailed in Table IV. The panels were sealed for 20 
minutes in boiling distilled water, weighed, and inter- 
mittently immersed for 4 months in 5°, salt water at 
room temperature: unanodised test pieces were also 
exposed. After corrosion test, the panels were cleaned 
by immersion in cold concentrated nitric acid for 20 
minutes, dried and weighed. In Table V is given the 
corrosion weight loss in mg. sq.dm. day. On sectioning 
the panels, the grain structure was found to differ in 
some instances, so the results in Table V must be in- 
terpreted with caution, but are broadly illustrative 
of the protective value of the coatings. 

It was noted, in the case of the malonic acid anodised 
materials, that all the corrosion losses were concentrated 
in highly local areas, with subsequent fairly deep pitting. 
(iii) Galvanic Corrosion Tests 
Sheets 24 in. sq. NS4 4H, 16s.w.g., were drilled cent- 
rally with a } in. diameter hole, and duplicate panels 
were anodised in the various electrolytes as indicated in 
Table VI, after etching for 3 minutes in 10°, wv caustic 
soda and dipping in concentrated nitric acid. The panels 
were sealed in boiling distilled water for 30 minutes, dried 
and weighed. Weighed 0 BA brass nuts and bolts were 
screwed into the central holes of each panel, finger-tight, 
and the panels were intermittently dipped in 5°,, salt 
water for a period of three months. After testing, the 
nuts and bolts were removed from the panels and the 
latter cleaned by dipping for 30 minutes in cold, con- 
centrated nitric acid. The nuts and bolts were rinsed in 
water and freed of corrosion product by dipping for 
2 minutes in cold 50-50 hydrochloric acid. Panels, nuts 
and bolts were weighed, after drying. The panels were 
then sectioned and the maximum depth of pitting, both 
in the region of the central hole and elsewhere, measured. 
The results are recorded in Table VIL. 

Once again the results should be interpreted with 


caution. There were two types of pitting attack in the 
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rABLE CORROSION TESTS ON ANODISED WP AND DAT 685 
ALLOYS 
Weight) Loss by Corrosion 
(mg j- da 

Method of Anodising (average of two readings) 

Not Anodised 14-09 G4 
Malonie Acid (12°5°, 3.99 
Chromic Acid (3° wov ito 11-94 


region of the screw, probably determined by the stress 
applied when this was tightened. As a result, there was 
a considerable scatter in the pit depths. On the average 
however, it can be seen. once again, that the malonic 
coating stimulates deep local pitting, concentrating the 
corrosion loss into small areas. 


Dyeing and Pigmenting 

A few trial experiments on pigmentation of standard 
anodic coatings revealed conclusively that the malonic 
acid coating produced at temperatures bet ween 20-607 C 
was very non-porous. For example, a series of panels, 
anodised to 0-0004-0-0005 in. in sulphuric, oxalic, 
malonic, chromic and sulphamic acid at 15 A. sq. ft., 
under normal anodising conditions, were pigmented with 
prussian blue and ferric oxide. The former process was 
carried out by double decomposition between 10°, 
potassium ferrocyanide solution and 5°, ferric nitrate at 
25° C., the process being repeated once. The latter 
pigment was formed by immersion in a 20g. litre 
solution of ammonium ferrioxalate at 40°C. for 5 
minutes. 

Deep blue and gold colours were produced in the 
sulphuric acid films, and pale shades in the chromic and 
oxalic coatings. No visible blue colour was produced in 
either the sulphamic or malonic coating, and only a very 
pale gold shade could be discerned. Similar effects were 
noted with dyestuffs, although, here, appreciable and 
visible quantities of dye were absorbed in the malonic 
acid coating. The amount of dye visible was dependent 
on the structure of the dyestuff, and the natural colour 
was masked by the intense yellow-brown colour of the 
coating. 

A series of accelerated weathering tests was under- 
taken in order to compare the light fastness and weather 
resistance of dyed sulphuric, oxalic and malonic coatings. 
Samples of I6s.w.g. NS4 $H sheet were anodised as 
detailed in Table VIII, dyed in line with Table IX, and 
sealed for 30 minutes in boiling water. A strip of each 
panel was cut from the end and preserved as a standard 
in an envelope. Panels were exposed at 45° to an in- 
dustrial atmosphere, facing S.W., and in a weathero- 
meter test equipment, where they were subjected to 
23 hours U.V. light from two | kW. sources and 22 hours 
distilled water spray each day. Periodically, specimens 
were removed from test and the fading rated according 
to the geometric grey scale—no fading — contrast 5, bad 
fading --contrast 1. Results for only a few of the dyes 
tested are given. 

The results indicate that the oxalic and malonic 
acid dyed specimens are inferior to the sulphuric acid 
ones. This may be in proportion to the amount of 
dyestuffs absorbed into the coating and, if so, shows the 
decrease in porosity of the coatings in the order— 
sulphuric—oxalic—malonic. As the dyestuff fades, so 
the self-colour of the oxalic or malonic coating shows 
through. often causing the effect of darkening, but with 
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loss of depth of colour. The light fastness of the self- 
coloured anodic coatings is excellent. 


DISCUSSION 


The results of the preceding work indicate that a 
considerable variety of anodic films, having different 
physical properties, may be produced in an electrolyte 
containing 12-5°,, w v malonic acid. Broadly speaking 
the malonic acid process appears to produce a film which 
theoretically consists of a thick barrier layer upon which 
rests a relatively non-porous outer oxide layer. The 
corrosion tests and absorption of dyestuffs described in 
this paper support a structure corresponding to this 
description, as given by the results in comparison with 
sulphuric, oxalic, sulphamic and chromic acid anodic 
films. 

If operated at a low temperature and a high current 
density, the malonic acid process is capable of producing 
anodic films of a high surface hardness on copper-free 
alloys. As has been previously reported.’ the film is 
considerably softer if the alloy contains zine or copper. 
As the operating temperature is increased, the current 
density which it is able to pass increases, but the coating 
ratio decreases appreciably. It was found that the 
temperature was of considerably more importance than 
the current density in effecting a change of coating ratio. 
High operating temperatures promoted low coating ratios, 
and although this could be partially counteracted by 
passing more current density, there was a definite limit 
in the effectiveness of this countermeasure at any one 


temperature. Too high a current could decrease the 


coating ratio, possibly by promoting side reactions, such 
as the anodic oxidation of malonate ion. 
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15 Minutes in re 
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LLWS Blue at 60 ¢ 
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PESTS ON PANELS IN Nea pt ALLOY IN 


ANODISED AND DYED SAMPLES OF 


W eatherometer 


OONTACT WITH BRASS NUT AND boLts 


As the temperature of the electrolyte was raised at 
any one current density, so the forming voltage and the 
rise in voltage on anodising diminished. However, even 
at 12 A. sq. ft., the forming voltage was still 80 at 70°C 

and thus a thicker barrier layer was being formed than 
with an oxalic acid electrolyte at 20°C. The porosity of 
the outer layer of anodic film increased considerably as 
the anodising temperature increased, and this was shown 
by a plot of coating ratio against the gain in weight on 
sealing in boiling distilled water. At anodising tempera 
the percentage gain in weight on 


tures below 55° C.. 
PARLE ANODISING OF SAMPLES OF 165.WoG. SHEET IN 
POR WEATHERING TESTS 
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sealing was rarely more than 6°,, at any current density 
Thereafter, as the temperature increased, so did the 
percentage gain in weight on sealing, particularly for the 
thicker coatings produced by 40-60 minutes anodising 
There also seemed to be a tendency for coatings anodised 
at 12 A. sq. ft. for 20 minutes to show a greater percen- 
tage increase in weight on sealing than those produced at 
the higher current densities in 20 minutes, although the 
position was reversed for 40-60 minutes anodising time 
These facts show that, as the temperature of the 
malonic acid electrolyte increases, so does the average 
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porosity of the outer oxide layer, but this may be partially 
offset by increasing the current density up to a given 
limit—depending on the temperature. 

The thick-barrier-layer non-porous-outer-layer type of 
structure is obviously a system where. in a corrosive 
environment, relative to a given sealing treatment. very 
deep localised pitting may be promoted, owing to the 
very few sites at which corrosion can occur, since the 
corrosive ions must seep through the few channels in the 
outer oxide skin and finally penetrate a very thick non- 
porous barrier layer before they can attack the under- 
lying metal. From a corrosion point of view, therefore. 
a coating formed in malonic acid may be found to be 
corrosion resistant on the assessment of attack by weight 
loss, but fall down because the weight loss is concentrated 
in a few local areas. 

From such considerations it appears that the ideal 
possible protection of metal from corrosion, from the 
anodic film aspect, is given by a coating possessing a 
certain barrier layer thickness and a certain thickness of 
porous outer oxide, such that any corrosion is not 
localised, but, on the other hand, not such that a great 
weight of metal is lost on corrosion. Obviously, the 
formation of such an ideal coating is dependent on the 
alloy being processed, but on H10 W alloy the sulphamic 
acid anodic film seemed to fit the bill, with an inter- 
mediary forming voltage of around 40 and, assumedly, 
more or less, the correct film thickness of 0-0003 in. 
00005 in. sulphuric acid anodising afforded 50°,, pro- 
tection, as assessed by weight loss. and about 66°,, 


protection against pitting. ©-0002in. malonic acid 
anodised coating was the other extreme—offering 


virtually no protection according to pitting attack 
assessments, and more than 75°, on weight loss tests. 

The possible structure of the malonic acid coating may 
be interpolated from the work of Keller, Hunter and 
Robinson,* which shows that the forming voltage 
determines the size and number of pores. Under normal 
anodising conditions, the forming voltages in sulphuric, 
oxalic and chromic acids are 20, €0 and 40 on 99-5°, 
aluminium. The number of pores sq. in. ~ 10° are 334. 
37 and 52, respectively, and the percentage pore volumes 
are about 6°,, 2°, and 4°,, respectively. The wall 
thickness and barrier layer thicknesses are of the same 
order, being very approximately 160 A, 600 A and 440 A, 
respectively. This produces models for the three coatings, 
approximately as illustrated in Fig. 15. 

The models at least illustrate that, as regards corrosion 
resistance, the malonic acid coating will perform very 
well when the resistance is expressed as a weight loss. 
because of the few pores present through which the 
corrosive medium can penetrate, and the thick barrier 
layer. Obviously, breakdown of such a coating will occur 
very locally, where weak spots in the barrier layer coin- 
cide with pore bases, and such breakdown appears to 
lead to very concentrated localised attack. Owing to the 
lack of porosity, sealing in dichromate solutions is of 
little value, as any dichromate absorbed may easily be 
leached out owing to the large pore diameter. In the case 
of the sulphuric acid coatings, the dichromate is more 
easily absorbed and held in the large number of small 
diameter pores, and can exercise the effect of a corrosion 
inhibitor satisfactorily. It was noted at the conclusion 
of the salt dip tests that the salt solution was tinted 
yellow after dichromate-sealed malonic, oxalic and 
sulphamic coatings had been tested. Sealing in organic 
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Fig. 15. Diagrammatic sketches of coatings produced by 
anodising in sulphuric, oxalic, chromic and malonic acids. 


media, such as lanoline, produces a coating fairly im- 
pervious to saline corrodants and obviously the less pores 
to fill with lanoline, the chance of breakdown. 
Moreover, it will be easier to fill a large diameter pore. 
such as is present with oxalic or malonic acid coatings. 
than the small pores of the sulphuric coating. 

Fig. 15 is also of interest in connection with the absorp- 
tion of dyestuffs and pigments and the gain in weight on 
sealing in boiling water, all of which are determined by 
the size and number of pores at the outer layer of the 
coating. The shape of the pores at the surface is deter- 
mined by the degree of chemical attack of the electrolyte 
on the pore walls during the formation of the anodic 
film. !t is reasonable to suppose that the greater the 
solvent power of the electrolyte at any given temperature, 
and the greater the pore diameter, the greater the porosity 
at the surface—depending on the number of pores. At 
optimum temperatures of anodising—i.e. between 40 
and 60° C.—the outer porosity of the malonic coating is 
obviously very small, as revealed by absorbtion of dyes 
and pigments and by the sealing gains recorded in Fig. 9. 
relative to the various coating ratios. As the tempera- 
ture increases beyond 60° C., however. so the attack on 
the surface layers increases rapidly, and this fact is 
reflected by the rapid deterioration in abrasion resistance 
and surface hardness (Figs. 11 and 12). This may be due 
to decomposition of the electrolyte to acetic acid. 

Coloration of malonic acid coatings by dyestuffs 
vields palely coloured surfaces tinted by the sepia brown 
or golden brown colour of the coating. The pale colours 
are presumably due to the few large pores, which disperse 
the dyvestuff molecules away from each other across the 
surface. Naturally, little dyestuff is absorbed and the 
light fastness suffers. 


CONCLUSION 


The use of malonic acid as an anodising electrolyte has 
been established. It has been shown that the coating is 
very non-porous and can be produced in electrolytes of 
various concentrations, that of 12-5°, wv being favoured 
for this investigation. The application of the results of 
American work on the structure of the coating given by 
the malonic acid process indicates that this technique of 
anodising should be capable of producing a large range 
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of surfaces suitable for various applications. Extremely 
hard coatings, comparable to hard anodic films, may be 
obtained on commercially pure materials. 

An investigation of the value of the coating ratio at 
various anodising temperatures and current densities 
shows that the latter decreases as the temperature 
increases and the effect cannot be wholly compensated 
for by raising the current density. The gain in weight on 
sealing in boiling water was equivalent (theoretical 
conversion) to béhmite when the coating ratio was 
about 1-000. which may explain why chromic acid 
coatings may be completely converted to béhmite,® as 
the coating ratio of such anodised films is around 1-0. 

Self-coloured coatings obtained by anodising in malonic 
acid are very light-fast. but do not dye to produce 
permanent colours. 

The corrosion resistance, as assessed by weight loss. 
obtained on malonice acid anodised aluminium is high. 
but there seems to be a tendency for intense local pitting 
to occur, On the other hand, coatings produced in 


Improving the Quality 


lr is hoped that a new British Standard published 
I recently will provide the starting point in a genera| 

upgrading of electroplated chromium finishes. The 
standard is called ** Electroplated Coatings of Nickel and 
Chromium ” and carries the number B.S. 1224 : 1959. 
Coinciding with the issue of B.S. 1224 comes news that 
a nation-wide labelling scheme is being launched so that 
buyers of chromium-plated products will be able to tell 
whether the plating is up to standard. A third develop. 
ment is the introduction of a new measuring instrument 
which will make it simpler for platers and manufacturers 
to check that their products comply with the standard. 


New Standard 
The new British Standard is a revision of an earlier 


specification, which has been revised, at the request of 
industry, as a step towards improvement in quality of 


chromium plating and an answer to the all-toc-numerous 
complaints about the lack of durability of many plated 
surfaces. ‘The most important change in the new edition 
of B.S. 1224 is a provision for thicker coatings of nickel. 
With most plated products it is the laver of nickel 
rather than the top © flash © of chromium—which largely 
decides the quality and durability of the finish known as 
chromium plating. Until recently, nickel has been in 
short supply, but with the end of this shortage there is no 
longer any reason why an adequate nickel coating should 
not be applied. 

A second important change is the inclusion of new, 
more stringent laboratory tests which plated products 
must be able to pass if compliance with the standard is 
claimed for them. Two of these tests are specially 
concerned to ens re that chromium plating will stand up 
to corrosion—a vital factor with, for example, bumpers 
and other automobile parts which are exposed to the 
weather. In all, nine tests are prescribed in the standard. 
They include the tests for corrosion resistance—referred 
to above—in which plating is exposed to the attack 
of sulphur dioxide, or acetic acid and salt; tests to 
check the thickness of both the nickel and chromium 
coatings deposited on an article; and tests to ensure 
that the plated finish will not easily peel away. 

Platers and manufacturers will be glad to learn that in 
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sulphuric acid suffered shallow pittings with a high weight 
loss and it may be that a combination of a suitable 
barrier layer, porous outer layer and sealing would 
produce a coating of optimum corrosion resistant 
properties. The nearest approach to this was a coating 
produced in sulphamie acid and sealed in lanoline 
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gauging the thickness of the layer of nickel which is 
called for in the standard, they may now use a non- 
destructive testing instrument developed by scientists 
at the British Non-Ferrous Metals Research Association 
Hitherto, this assessment could only be made by testing 
a sample to destruction—an expensive process. The 
standard still quotes such methods, but draws 
attention to the value of the new instrument for day-to- 
day control purposes 


Labelling Scheme 


It is not possible for the man-in-the-street, just by 
looking, to differentiate bet ween good and bad chromium 
plated finishes, but identification of products complying 
with the standard will be made possible thanks to a 
labelling scheme which, in the first instance, is being 
operated by the Mond Nickel Co., Ltd. Mond Nickel 
working in close collaboration with the British Standards 
Institution—will supply labels to platers and manu- 
facturers of plated products who must undertake to apply 
these labels only to plating which complies with B.S. 1224 

The new British Standard calls for three grades of 
plating, depending on the use to which plated products 
are put, and the Mond labels take this into account. 
They will be coloured red (which indicates suitability for 
‘severe’ service), blue normal” service), or green 
(* mild” service). For example, plating which is to be 
exposed for long periods in the open should have a red 
label; that used indoors but where corrosion is likely 
(in steamy kitchens and bathrooms, for example, or on 
products stored in damp cupboards) should bear a blue 
label. Where less arduous conditions are involved, the 
green-for-mild category will be quite sufficient 
Each of the labels will announce that the nickel-chromium 
plate conforms to British Standard 1224 : 1959 

At this stage, it will be left to platers and manufac- 
turers to satisfy themselves that their finishes are in 
accordance with the standard. Large-scale buyers (such 
as motor-car firms) will doubtless require samples to be 
tested before accepting delivery of goods 

Copies of B.S. 1224 may be obtained from the British 
Standards Institution, Sales Branch, 2, Park Street, 
London W.1. Price 5s. 
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Vertical Cylindrical Closed 


Quench Furnace 


New Equipment for Gas Carburising 


and Carbonitriding 


of pit type gas carburisers with facilities for closed 

quenching, hitherto available only in horizontal 
equipments, is announced by the Electric Resistance 
Furnace Co., Ltd. The new furnace does not supersede 
the Efco-Lindberg horizontal furnaces, but for some 
types of charges, particularly dense loads of parts having 
internal bores, and long components, it offers distinct 
advantages. 

The furnace has a vertical cylindrical heating chamber 
which is closed at the top and has provision for the 
insertion of a charge through the base. The charge is 
shielded from direct radiation by a heat-resisting baffle 
suspended from the furnace roof or, alternatively, the 
sides of the charge basket. A powerful fan of large 
diameter, mounted directly above the charge, draws the 
atmosphere up through the charge and forces it down 
over the heating elements, ensuring uniformity of heating 
and intimate contact of the atmosphere with all surfaces 
of the charge. 

Because of its cylindrical shape, the chamber accom- 
modates a larger volume of work within a smaller wall 
area and operates at greater efficiency than an equivalent 
horizontal rectangular furnace, and an economy in gas 
or electricity consumption of the order of 15°, is claimed. 
Atmosphere consumption is also reduced due to the 
smaller volume of heating chamber to be purged. The 
mouth of the heating chamber and bung are designed to 
form a heat trap. 

The work, normally in a nickel-chrome basket. is 
moved into the furnace through an outer, vertical rising 
door to enter the purging vestibule. Here it stands on 
one of the two platforms of the quench elevator. At 
the outer door a gas curtain automatically prevents 
ingress of air when the door is open. Both the door and 
the quench elevator are pneumatically operated. After 
purging, the charge is transferred to the furnace bung 
where it is supported on suitable stools which allow free 
circulation of the atmosphere. 

A feature of the furnace is the use of a charge trolley 
to move the charge horizontally from the outer loading 
table into the purging vestibule and to and from the 
furnace bung. The trolley runs on rail tracks and is 
fitted with wheels which are mounted on ball bearings 
and carried in an articulated frame to ensure easy move- 
ment. Built into the trolley is a raising and lowering 
mechanism operated from outside the furnace with m 
removable push rod. The trolley can be moved in and 
out of the furnace without raising the outer door. a 
swinging counter-balanced flap attached to the outer 


A‘ EW atinosphere furnace combining the advantages 


Cut-away model showing the work container in the 

cylindrical heating chamber on the left. On the right is 

the purge chamber with the quench tank below ; the charge 

trolley can be seen on the extreme right, outside the purge 
chamber. 


door being provided for this purpose. After charging, 
the trolley is lowered and withdrawn. The use of the 
trolley obviates the need for hearth rollers and, apart 
from the fan, no mechanical parts are subjected to furnace 
temperatures. 

Stops are provided to ensure accurate location of the 
charge on the quench elevator and on the furnace bung 
which is raised hydraulically to lift and seal the charge 
into the heating chamber. The charge is removed from 
the chamber by lowering the bung and transferring to 
the quench elevator by means of the charge trolley. 
When it has been lowered into the integral quench tank, 
the outer furnace door can be raised and a new charge 
inserted. 

The purging vestibule and the space beneath the 
heating chamber are water cooled. The quench tank 
of adequate capacity is fitted with oil preheaters, a 
multi-tube water cooling system, and a_ two-speed 
reversible agitator and baffle arrangement to direct a 
large volume of oil over the charge being quenched. 
The agitator, its driving motor, and the cocling system 
are mounted on a removable top plate for easy access 
for maintenance. The furnace can also be supplied with 
a hot oil quench tank for marquenching, which is of 
larger capacity and fitted with special air cooled tubes. 

When electrically heated the furnace chamber is fitted 
with patented Corrtherm elements, which are sheets of 
corrugated nickel-chrome covering almost the entire 
wall. The life of the elements is not affected by soot 
deposition from hydrocarbon gas because the voltage 
and watts dissipation are so low that leakage across the 
deposit is negligible. When gas fired, specially designed 
radiant tubes are positioned around the walls of the 
heating chamber. For easy maintenance the roof of the 
furnace chamber is removable and gives access to the 
fan and the elements or radiant tubes. Atmospheres 
for the carburising and carbonitriding processes are 
obtained from an EFCO endothermic generator operating 
on town’s gas or liquid petroleum gas. 
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Low Pressure Metallurgy 
A General Survey 
By A. S. Darling, B.Sc. (Eng.), Ph.D., A.M.I.Mech.E. 


The carrying out of metallurgical operations in vacuum has more to it than the prevention of oxidation 
A metal or alloy concerned ina melting, heat treatment or refining operation may be considered as one 


component ina polyphase system. 


previously represented only by temperature and concentration, with the 
conditions can frequently be displaced in a favourable direction 
of low pressure metallurgy, published in October, the author discussed historical aspects. 


Pressure variations add a fu rther dimension to the de Yrees of fre edom 


result that equilibrium 
In the first part of th is qene ral Survey 
In the present 


instalment he deals with cathodic sputtering and vacuum evaporation, and the survey will be concluded 
next month with a consideration of vacuum melting. 


(Continued from page 143 of the October issue), 


CATHODIC SPUTTERING 


HE glow discharge which develops when a high 

voltage is applied bet ween electrodes in a partially 

evacuated sys. em causes progressive disintegra- 
tion of the cathode. The metal emitted leaves the 
cathode at high speed and the vapour cloud thus formed 
condenses on the nearest cold surface to produce a more 
or less adherent film. Cathodic disintegration must have 
heen one of the first low pressure metallurgical processes 
to have been investigated in any detail. Even so, the 
mechanism involved still not fully understood. 
Groves first observed the phenomenon in 1852. Six 
vears later, Pluecker* studied the effect on a more 
quantitative basis and contirmed that the condensed 
metal film accounted for the weight lost by the cathode. 
The present term, ‘sputtering’. is derived from Pluecker’s 
description of the effeet as cathodic  pulverisation 
(Zerstaubung). 

Sir William Crookes pioneer work on the passage of 
electricity through included a comprehensive 
experimental study of cathodic pulverisation.47 — His 
experiments were carried out in a reduced pressure of 
air, and under these conditions it was shown that plati- 
num and the other noble metals sputtered very rapidly 
compared with aluminium or magnesium. ‘These results 
were confirmed by the later researches of Kohl- 
schiitter.4%4% who used nitrogen as a working gas and 
showed that silver, gold, platinum. palladium, copper 
and nickel had sputtering rates in descending order of 
magnitude. Although the process had a rather limited 
application at this period, it was of great theoretical 
interest and attracted considerable attention from 
physicists. Much of this early work was reviewed by 
Kohlschiitter in 1912.5° 

It was appreciated at an early date that sputtering 
could be carried out under a wide range of conditions. 
The pressures involved could vary from 5 to 1.000 
microns, and working voltages ranged from 500° to 
20.000. General agreement prevailed that with the same 
cathode and the same gas the rate of disintegration was 
proportional to the current and increased with the cathode 
fall. So long as the cathode fall was “ abnormal *’. the 
pressure of gas in the system was of importance only in 
so far as it affected these two factors. The effects 
caused by traces of extraneous gas in the system were 
also recognised. It was known, for example, that 
whereas sputtering proceeded particularly rapidly in 
pure argon, and at a somewhat lower rate in neon, the 
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presence in either of these noble gases of <L°,, of a 
more reactive impurity reduced considerably the rate of 
Mercury vapour, in spite of its high 
was particularly effective in’ this 


disintegration. 
molecular weight, 
respect?! 

A fairly detailed study by the staff of the G.E.C 
laboratories at Wembley was intended to elucidate the 
basic mechanism of sputtering : the results of this work 
were published in 1923.°% An uncertain factor in 
previous investigations had been the velocity with which 
the positive ions struck the cathode. Lons were normally 
produced everywhere in the vessel, and it was realised 
that the speed at which they approached the target 
depended upon the difference of potential between the 
cathode and the region in which they were formed. 

The G.E.C. workers minimised this uncertainty by 
studying the discharge effects in a triode with a ther- 
mionie cathode. The target was in the form of a tungsten 
spiral which was used as a grid and maintained at a 
potential negative with respect to that of the heated 
cathode. The rate of sputtering was simply determined 
by measuring the rate of increase of resistance of the 
spiral. This operation could, of course, be carried out 
without breaking the vacuum or disturbing the experi- 
ment in any way. The current collected by the grid 
was a direct function of the number of ions falling upon 
it. When the mean free path of the gaseous ions was 
greater than the dimensions of the vessel, the ion velocity 
could be directly related to the nature of the gas and 
conditions of discharge in the system. 

It was found that the number of atoms of tungsten 
discharged by each impinging positive ion was indepen- 
dent of the gas pressure, providing this was below about 
thirty microns. At higher pressures the proportional 
rate of disintegration decreased as the pressure increased. 
The rate of disintegration was independent of the 
temperature of the grid and increased in a linear fashion 
with the applied voltage. The sputtering rate varied 
with the nature of the gas employed and increased in the 
order : hydrogen, helium, nitrogen, neon, mercury and 
argon. No definite theory of disintegration was proposed 
in this paper. It was concluded, however, that the 
primary mechanism of disintegration occurred at energy 
levels not greatly exceeding those required to initiate 
ionisation of the gas. 

Primary and Secondary Sputtering 


On the basis of his extensive researches on this subject, 
Giintherschulze has distinguished between the mecha- 
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nisms of primary and “secondary sputtering. 
Primary sputtering is that which occurs at low pressures 
and low currents. It corresponds to the disintegration 
occurring in the low pressure range discovered by the 
G.E.C. workers, in which the specific sputtering rate 
was unaffected by gas pressure. Since light currents only 
can be employed under low pressure conditions the total 
rate of disintegration is low. “* Secondary ” sputtering 
is therefore the mechanism of technical importance. It 
is usually carried out at pressures of several hundred 
microns and heavy currents are employed. 
the fact that the total rate of disintegration is thereby 
greatly increased, the process is far less efficient than 
that of primary sputtering. 

Information concerning the basic 
cathodic disintegration is obviously more easily attain- 
able if the experiments are carried out under conditions 
favouring the primary process. ‘The gas pressure is then 
kept so low that it can be neglected. Secondary 
sputtering is usually carried out under glow discharge 
conditions, and the gas pressure is then a very important 
factor. It is responsible for determining not only the 
velocity with which the ions strike the cathode surface. 
but also the subsequent movements of the metal atoms 
discharged. 

Giintherschulze’s early work® soon indicated that the 
G.E.C. investigators had arrived at conclusions which 
were faulty in two respects. Firstly, they had been in 
error about the rate of disintegration in helium. 
Giintherschulze’s experiments, the results of which have 
since been generally confirmed, showed that if the helium 
were pure no sputtering occurred : the G.E.C. workers 
must therefore have used impure gas. The second point 
concerned the shape of the curves relating the rate of 
sputtering to the applied voltage. In this low pressure 
range, when specific rates were independent of gas 
pressure, the G.E.C. workers had found a linear relation- 
ship between voltage and rate of disintegration. 
Giintherschulze showed that the primary sputtering rate 
was a square-root function of the applied voltage. 
Secondary sputtering rates, however, were found to vary 
in a linear manner with the cathode fall. 

Two theories explaining the mechanism which per- 
mitted positive ion bombardment to disintegrate solid 
metal were current at this period, One school of thought 
maintained that the effect was simply one of thermal 
evaporation from regions of high local temperature. 
Difficulties were experienced in reconciling this hypo- 
thesis with the experimental fact that the rate of 
disintegration did not vary appreciably with the cathode 
temperature.°? The second theory was one which en- 
visaged a mechanical bumping-off”’ of surface atoms 
by ions which penetrated beneath the cathode surface 
and then rebounded to transfer a part of their outward 
momentum to metal atoms which they struck from 
behind. Langmuir had shown that the latter mechanism 
was consistent with the threshhold kinetic energy which 
the ions required to initiate sputtering, Lamor and 
Compton®* proposed special theory of cathode 
sputtering in 1934 which involved the combined opera- 
tion of these two mechanisms. Light ions, such as those 
of hydrogen were known to penetrate the cathode more 
than larger heavier ions. While the two mechanisms 
were supposed to be complementary, the bumping-off 
process was expected to be the predominant one when 
metal was being sputtered by small ions. whereas the 
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In spite of 


mechanism of 


evaporation process was likely to be of greater importance 
when the ions were large. The experimental evidence 
available was, in general, not sufficiently detailed to 
conform the accuracy of this modified theory. 

In a recent paper, Giintherschulze®’? indicated how 
many of his earlier experimental results could be re- 
interpreted ina manner which reconciled several apparent 
anomalies. The different shapes of the curves connecting 
sputtering rates with applied voltage had led to a belief 
that primary and secondary sputtering were caused by 
distinct mechanisms. Primary sputtering varied as the 
square-root of the applied voltage. It could therefore be 
concluded that the rate of sputtering depended upon 
either the velocity or the momentum of the bombarding 
ion. Secondary sputtering, on the other hand varied 
directly as the cathode drop. This had been generally 
accepted as evidence that the sputtering rate depended 
upon the kinetic energy of the impinging ion. 

Giintherschulze emphasised that this conclusion rested 
on the faulty assumption that the kinetic energy of the 
positive ions was proportional to the cathode fall. In 
actual fact. however, not only did the ion energy increase 
at a vreater rate than the cathode fall, but the greater 
velocity with which the metal atoms were emitted at the 
higher voltages caused a movement of the neutral zone 
away from the cathode surface. These two factors 
working in conjunction meant that the kinetic energy of 
the bombarding positive ions could not be derived from 
the cathode fall alone. 

Secondary sputtering rates, therefore, when plotted 
against the true striking energy rather than the cathode 
fall. gave curves which had a square-root dependence 
virtually the same as that observed in primary sputtering. 
This agreement was further enhanced when the sputtering 
rates were corrected to make allowance for the presence 
of an electron current. Giintherschulze showed in 1930°* 
that the threshhold energy for electron emission was 
identical with that required to initiate sputtering. 

It appears reasonable to assume, therefore, that both 
primary and secondary sputtering depend upon the same 
basic mechanism, which ensures that the specific 
sputtering rate varies with the velocity or momentum 
of the impinging ions rather than their kinetic energy. 
The essential difference between the two processes is 
one of efficiency, since it has been conclusively demon- 
strated that the atoms emitted per unit striking ion 
decrease when the pressure exceeds a critical value. 
The conditions under which secondary sputtering 
proceeds are remarkably complex. The positive ions are 
subjected to continual collisions with gas molecules 
during their passage towards the cathode. so that they 
strike their target with a somewhat uncertain velocity. 
This leads to further uncertainty concerning the velocity 
of the emitted metal atoms. These atoms lose their 
original direction because of gas molecule collisions soon 
after leaving the cathode surface, and tend to form a 
neutral cloud of metal vapour which retards still further 
the motion of the impinging ions. Some atoms from 
the vapour cloud diffuse to the nearest cold surface and 
condense, but many migrate back to the cathode surface. 
A considerable deposit of metallic dust is, in fact, 
frequently found on cathode surfaces at the conclusion 
of an experiment. 

Methfesse>® claims that, by using a cathode in the 
form of a wire mesh, back diffusion effects can be 
minimised and sputtering rates considerably increased, 
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In one instance quoted, a cathode consisting of meshed 
silver wire facilitated the deposition, in two minutes, of 
a film which normally required three hours with a flat 
plate cathode. This tremendous increase in sputtering 
rate appears to be exceptional, however, because the 
somewhat limited experimental evidence available 
suggests that specific sputtering rates under ** primary ” 
conditions are only about one order of magnitude higher 
than those under “secondary” conditions. Some 
diffusion calculations of Giintherschulze,°? which indicate 
that primary sputtering should theoretically be approxi- 
mately one hundred times faster than secondary 
sputtering, do not reconcile the anomalies. 

Problems of efticiency are involved, however, even 
when the mechanism of primary sputtering is under 
consideration. Recent work by Keywell®® has demon- 
strated that with an applied potential of 3.480 volts, 
7-9 silver atoms were sputtered for each incident 
positive ion. Argon ions accelerated through this 
potential, however, have an energy sufficient to account 
for the emission of 975 silver atoms. The author con- 
cludes that the argon ions lose their energy in the silver 
target by a diffusion-collision process. and that the 
results obtained could be interpreted in terms of the 
neutron diffusion theory. Keywells’ specific sputtering 


rate values are comparable in magnitude to those of 


Meyer and Gintherschulze™ and Penning and Moubis.*! 

Agreement between the results of various sputtering 
experiments carried out under low pressure conditions is, 
in fact, reasonably satisfactory, and information dealing 
with sputtering rates under industrial conditions is. 
although somewhat scanty. fairly concordant. Data 
pertaining to experiments carried out with the same gas 
and the same metal over a wide range of pressures, which 
would permit some sort of correlation between the 
primary and secondary not available 
however. 


processes. is 


Laboratory Applications of Sputtering 

Sputtering was found at an early date to provide a 
convenient method for the production of conducting 
films on glass, silica and other non-metallic materials. 
Whereas silver was the only metal which could be 
conveniently deposited by chemical methods, sputtering 
permitted the ready deposition of all metals except 
magnesium and aluminium upon a non-conducting 
surface. The method was used in the early years of the 


century for silvering and platinising the quartz fibres of 


electroscopes and string galvanometers, and the necessary 
techniques were well established by 1925 when Mazur® 
published the results of his experiments on the micro- 
structure of metallic surfaces which had been subjected 
to cathodic bombardment. He was able to show that 
the structures produced by this technique were the same 
as those obtained by chemical etching methods. The 
material sputtered from two-phase alloys such as those 
of cadmium and bismuth had a composition different from 
that of the parent surface. 

C. S. Smith,®* unaware at this time of Mazur’s work. 
decided in 1925 to investigate the possibilities of cathodic 
etching as a metallographic technique. He found that 
the process, which delineated in a very satisfactory 
manner the eutectic structure of silver-copper alloys, 
was not so satisfactory with single-phase specimens, 
being less effective than chemical etching in this respect. 
Recent work by MecCutcheon* ® ® has shown that when 
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the correct: experimental conditions are observed the 
process of cathodic etching has great possibilities, 
however. 

Flow-lines in deformed metal can be shown up with a 
sharpness and clarity exceeding that attainable by 
chemical etching. Cathodic bombardment can reveal 
not only the usual microstructures of single and poly- 
phase alloys, but also the extremely thin superticial 
deformed structures produced by the burnishing treat- 
ments frequently employed in the automobile industry 
A very obvious advantage enjoyed by cathodic over 
chemical etching becomes apparent in the metallography 
of the noble metals. Although these metals are in general 
extremely resistant to chemical attack, they sputter with 
the utmost facility. Difficulties frequently caused by 
the partial decomposition of organic mounting materials 
in corrosive etchants can therefore be easily avoided 

The rate at which metal is removed from the cathode, 
being directly related to the current flow, is readily 
controlled. Grivet®? has therefore recommended the 
employment of cathodic sputtering for etching specimens 
from which replicas are to be taken for subsequent 
examination under the electron microscope. The type 
of etch suitable for revealing structures under the 
optical microscope is not usually satisfactory for speci- 
mens intended for the electron microscope, and com- 
plete control over the etching process is, in the latter 
instance, virtually essential. Cathodic etching facilitates 
the attainment of this control. Details of the techniques 
and apparatus required have been described by Holland 
and Sutherland.** 

Until the general introduction of metal evaporation in 
the middle thirties, cathodic sputtering was recognised 
as the most satisfactory method for producing mirrors 
of high reflectivity for scientific purposes. The tech- 
niques adopted have been described by Strong,**® and 
in a more recent review of this subject Tolansky”® 
discussed the characteristics of high reflectivity sputtered 
films of silver for multiple-beam interferometric purposes 
For this type of work he concludes that good mirrors are 
attained by evaporation more readily than by sputtering. 
Providing sufficient attention is paid to the purity of the 
system, however, excellent results can be obtained by 
sputtering. Romanowa, Rubzow and Pokrowsky”! 
reported transmission and absorption figures for sput- 
tered mirrors better than any which have so far been 
reported for evaporated deposits. 


Industrial Applications 


Sputtering is a relatively slow process and cannot 
therefore compete with metal evaporation on routine 
applications where thick deposits have to be produced 
economically. Where the process involved is one which 
requires critical control of film thickness, the slow rate of 
deposition becomes something of an advantage, however. 
This advantage becomes even more pronounced in those 
applications where careful and precise adjustment of the 
electrical and optical properties of the deposit is involved 
Sputtered films are more stable than those produced by 
evaporation: the physical properties of the latter 
change after deposition to such an extent that deposits 
to a definite specification are difficult to produce con- 
sistently by this method. Where accurate and consistent 
deposits are essential, as for example in the routine 
production of barrier layer photocells, sputtering becomes 


an essential process, 72 74 


The surface receiving a sputtered deposit heats-up. 
This fact restricts the choice of surfaces upon which 
sputtered films can be deposited to glasses, metals and 
stable inorganic compounds of relatively high melting 
point. Much fundamental work for which the process 
would otherwise be ideally suited has for this reason to be 
undertaken by evaporation methods. 

The mechanism of sputtering does not depend directly 
upon the vapour pressure of the metal to be deposited, 
and many volatile metals sputter comparatively slowly. 
Occasionally the vapour pressure of the metal from which 
a deposit is required is so low that the required tempera- 
ture cannot be attained in an evaporation unit. In such 
instances sputtering can often be profitably employed. 

Details of the rate of sputtering under industrial 
conditions were published by Hulbert” as early as 1934. 
Information relating to more recent practice has been 
given by Fisher and Weber” in 1952, Umblia in 195174 
and Bacquet in 1950.77 Holland has” recently published 
the following empirical formula for calculating the rate 
of sputtering when large plane cathodes with negligible 
edge losses are employed : 


ik 
dp 
Where S deposition rate (mass deposited per 
second), 
V, — applied voltage, 
constant (approximately 500 V.), 


— current density in mA. sq. em., 

d — the distance separating the cathode from 
the receiving surface, 

p the pressure of the discharge gas at 

constant temperature, and 


K —a constant, depending upon cathode 
material, discharge gas, and cathode 
arrangement. 

Chemical Sputtering 
Chemical processes are stimulated in the gaseous 


discharge, and the incidental reactions so caused used to 
be considered as major disadvantages of the sputtering 
technique. Pohl and Pringsheim’’ referred specifically 
to these chemical effects as early as 1912, and more 
recent workers have discussed the processes involved in 
somewhat greater detail. Tolansky.”° for example. 
emphasised that the presence of organic impurities in the 
sputtering chamber could have catastrophic effects on 
the production of silver mirrors, leading to the deposition 
of dark brown films entirely useless for their original 
purpose. This organic contamination could last for a 
considerable time and might even lead under bad 
conditions to abandonment of the equipment. Traces 
of oxygen reduce considerably the quality of silver 
mirrors produced in a hydrogen atmosphere, and it was 
generally recognised at a very early date that many of 
the characteristic properties of sputtered deposits were 
due to the fact that they consisted, not necessarily of 
pure metals, but more probably of metallic compounds. 

The earliest systematic investigation of the chemical 
effects induced by sputtering was probably that of 
Giinthersehulze.7% In this research the sputtering 
behaviour, in hydrogen, of twenty-four elements was 
studied. Many of these elements exhibited peculiarities 
which were attributed to electrochemical processes. The 
anomalies were explained by the behaviour of gaseous 


hydrides, the molecules of which diffused throughout the 
chamber without being deposited. Collision between 
these molecules and ions resulted in disintegration. The 
metal gas thus liberated condensed on the nearest cold 
wall, where ion bombardment rapidly turned it into a 
hydride again. 

Chemical reactions were also found to have considerable 
influence upon the rate at which metal atoms were 
discharged from the cathode. In Mevers’ investigation 
of 19314 rather interesting results were obtained. This 
study was carried out in mercury vapour at 1,000 V. 
The metals aluminium, silicon, manganese, iron, zir- 
conium, molybdenum and tungsten all sputtered under 
these conditions at a constant rate of 1-08 atoms per 
incident ion. Nickel, beryllium, cobalt, chromium, 
platinum, palladium, copper and silver, on the other 
hand, sputtered at rates which ranged from 1-10-5-10 
atoms per ion, the amount increasing directly with the 
tendency towards amalgamation. Methfessel®® postu- 
lated chemical reaction as an essential stage in any 
sputtering process. In the initial stages of a glow dis- 
charge, the current density and cathode fall assume a 
relationship which is uniquely related to the nature and 
pressure of the gas present, but is independent of the 
value of the current and of the applied voltage. Disinte- 
gration of the cathode begins at this stage as a chemical 
process. The gas ions, which have been highly activated 
in the dark space, enter into unstable combination with 
the metal of the cathode. When these unstable molecules 
reach the luminous portion of the discharge. dissociation 
occurs and the metal vapour thus released condenses on 
the nearest cold wall. As the current increases, however, 
chemical sputtering becomes less important and _ is 
superseded by the normal sputtering mechanism at 
densities comparable to those employed for normal 
deposition work. 

The chemical reactions possible are of course deter- 
mined by the gaseous atmosphere employed. With 
oxygen and a platinum cathode platinum oxide can be 
readily deposited. Very stable oxides such as those of 
aluminium and beryllium can readily be deposited, even 
under such comparatively clean working conditions as 
those normally existing in an electron diffraction 
camera.*° 

Reactive Sputtering 

This term was invented by Veszi,*! and refers to a 
technique which deliberately exploits the tendency 
towards compound formation, particularly in the field 
of oxide deposition. For many optical purposes, non- 
absorbing layers of high refractive index are required. 
The choice of metallic compounds suitable for this 
purpose was hitherto limited to those which could be 
readily deposited, without decomposition, by thermal 
evaporation under high vacuum conditions. Holland** 
has emphasised that sulphides and chlorides, in particular, 
when used for such purposes yield deposits which scratch 
easily and are attacked by humid atmospheres. Those 
oxides which have the required optical properties and 
are also hard and chemically inert, usually have such a 
low vapour pressure that they cannot be readily deposited 
by thermal evaporation. 

Reactions between metallic oxides and the heater 
material are accelerated under high vacuum conditions, 
with the result that the heater becomes embrittled, and 
the deposit obtained is actually a mixture of metal and 


oxide. At the high temperatures which would be re- 
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quired for the thermal evaporation of alumina in vacuo, 
reactions between the tungsten and oxide proceed 
rapidly. A compound such as titania, on the other 
hand, breaks down under high-temperature low-pressure 
conditions to form the more stable lower oxide. Cad- 
mium oxide decomposes completely under high vacuum 
conditions at 700° C. Thoria and zirconia are reduced by 
tungsten under high vacuum conditions at temperatures 
above 2.000) 

Stable films of most metallic oxides can be readily 
produced, however, by the simple expedient of sputtering 
the metal in an oxidising atmosphere. The techniques 
essential to the process were first developed in the 
laboratories of W. C. Heraeus during the war years, and 
details of this work are given in papers by Heisinger 
and Koénig.“* * A comprehensive summary by the same 
authors is given in the Heraeus Festschrift 1951. The 


authors refer here to the deposition and properties of 


films of aluminium, iron, cadmium, titanium, silicon 
and thorium oxides, 

Holland's mere recent researches have showa that 

three distinct mechanisms are involved in the process : 

(1) Due to the accelerating influence of the ionised gas 
an oxide layer is initially formed on the cathode 
surface. 
form by the positive ion bombardment. 

(2) The metal is emitted as a neutral gas vapour from 
the cathode and reacts with the oxygen molecules 
with which it comes into contact before being 
deposited on the receiving surlace. 

(3) The sputtered metal condensis to form a metallic 
laver which is subsequently 6 <idised by the direct 
absorption of gas molecules 


In many instances these mechanisms probably act 
simultaneously. Depending upon the circumstances. 
however, one or other is usually predominant. Cadmium 
oxide films have been prepared, for example, by simply 
using a layer of oxide on the cathode surface without 
any oxygen in the atmosphere.*? It has also been ob- 
served that the low sputtering rate of aluminium is 
largely due to the presence of an oxide film.** Aluminium 
© magnesium electrodes may be operated for long periods 
under heavy loads in pure argon or neon with no sign of 
sputtering. Rapid sputtering begins in a matter of 
minutes and soon covers the inside of the apparatus 
with a metal deposit. The effect can be avoided by 
intentionally adding a trace of oxygen or water vapour 
to the inert gas. 

Where an excess of metal is required to increase the 
electrical conductivity of the deposit, it is often con- 
venient to dilute the oxidising atmosphere with argon. 
Sputtering conditions affect the conductivity of the 
deposit largely because they determine its purity and 
degree of oxidation. Holland and Siddall have stressed 
the need for close control over the oxygen content of the 
atmosphere employed. It is essential, therefore, to 
eliminate unknown quantities such as the gases desorbed 
from the interior of the apparatus before starting an 
experiment. The purity of the cathode material may 
affect the conductivity of the sputtered layer. This 
effect is discussed by Aitchison.** 

Greatly increased sputtering rates can be achieved at 
large gas dilutions. The quantity of active gas required 
in argon can frequently be reduced to 5°,. These 
quantities become comparable to the amount of extra- 
neous gas liberated from the wallsof a large metal system. 
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This oxide layer is removed in molecular 


In order to obtain satisfactory control under such 
conditions, it becomes almost essential toemploy pumping 
equipment having a high throughput at the operating 
pressure. Booster pumps have suitable characteristics 
at the intermediate pressures used for industrial 
sputtering.*?5 

METAL EVAPORATION 


extensively 


processes 


Thin metallic films are produced in 
industry by vacuum evaporation These 
operations are pursued on a scale which is rapidly in- 
creasing, and the production of thin films by vacuum 
evaporation probably represents the greatest single 
industrial application of low pressure metallurgy. ‘The 
process is spectacular and has been well publicised 
much popular and technical literature has been based 
on the subject, and the reports of recent conferences and 
symposia devoted to evaporated films are comprehensive 
and rather formidable additions to a rapidly expanding 
pool of information. A recent book by noted 
authority*® has treated the subject in such a thorough 
and comprehensive manner that it would be pointless in 
the present instance to attempt more than a_ brief 
historical introduction. 

The basic mechanism of vacuum evaporation is much 
simpler than that of cathodic sputtering. A small 
sample of the metal or compound is simply heated 
under high vacuum conditions until evaporation occurs 
The metal vapour is then condensed at a cold receiving 
surface upon which the desired film is built up. An 
essential feature of the process is that it can only be 
carried out at pressures so low that the mean free path 
of the residual gas in the system is comparable to or 
vreater than the distance of the evaporation source 
from the surface upon which a deposit is required 
Under these conditions the evaporation source can be 
considered to emit atomic or molecular rays in all 
directions. These evaporated metal rays obey the 
normal laws of geometrical opties, the intensity of 
deposition being inversely proportional to the square 
of the distance from the source to the receiving surface 
and to the sine of the angle of incidence. By using a 
suitable pinhole system, intensity images of the source 
can be produced at any desired magnification. The 
latter technique has been employed during investiga- 
tions into the performance of various types of heater. 

Pohl and Pringsheim’* studied the process in 1912 and 
appear to have been the first investigators to appreciate 
the advantages it enjoved over cathodic sputtering as a 
technique for the deposition of pure metals. They stated 
Kathodenzerstaubung und anodische Verdampfung 
bieten die Schwierigkeit, dass sich die Metallmolekule 
an der Stromleitung beteiligen und dadurch chemische 
Reaktionen zwischen dem Metall und dem Gasinhalt des 
Entladunggsrohres gegunstigt werden.” 

Because of the vacuum requirements, it was inevitable 
that interest in the evaporation technique developed 
only after the general introduction of the diffusion 
pump. The main experimental difficulties then lay in 
the development of a suitable type of evaporation source, 
evolution of sound vacuum engineering techniques, and 
recognition of the necessity for high speed pumping 
equipment. 

Pringsheim and Pohl had distilled their metals from a 
magnesia crucible, but this method was found to be 
unsuitable for routine work. Refractory crucibles have 
a low thermal conductivity and poor resistance to 
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thermal shock. ‘Ihey tend to crack readily, and at high 
temperatures react with either the metal being evaporated 
or with the heater material. ‘The metal being evaporated 
usually wets the crucible and in many instances diffuses 
through it, thereby leading to automatic crucible 
breakage on cooling. Perhaps the greatest disadvantage 
jies in the fact that the material of the crucible usually 
has an appreciable vapour pressure at the evaporation 
temperatures employed, with the result that the films 
deposited are badly contaminated. This detect is 
aggravated by gas evolution from the crucible which 
tends to react chemically with the evaporated metal. 

titsch! utilised the evaporation process in 1928 for 
producing silver interferometer mirrors."° employing a 
hare tungsten coil as a heater. ‘Tolansky, who was at 
that time a guest research student in Berlin, worked 
with Ritschl and studied the technique which had been 
evolved. A description of the process, now largely of 
historic interest, was given by him in a recent paper.7° 

The system employed by Ritschl was evacuated by a 
four stage mercury, diffusion pump provided with an 
efficient liquid air trap. ‘The vacuum chamber was 
constructed of brass and the best mirrors were produced 
when the interior of this chamber was lined with plates 
and tubes of glass. The surfaces to be coated were hung 
about 30em. away from the tungsten filament, which 
had a platinum spiral loosely wrapped around it. The 
silver was prefused into the tungsten spiral before 
evaporation commenced. The object of the platinum 
was to retard the tendency of the molten silver to drop 
off the tungsten spiral. ‘Thorough cleaning cf the glass 
receiving surface was found to be an essential pre- 
deposition operation. Tonic bombardment was employed, 
a Rhumkorff coil being utilised for this purpose. 
Evaporation was commenced when a hard black vacuum 
had been achieved in the chamber. 

An interesting feature of the Ritschl technique was the 
method adopted for fixing the silver film after deposition. 
A glass stopper having upon it a few drops of aqua regia 
was held below the mirror. A few seconds of such treat- 
ment increased the mirror transparency considerably. 
‘Lhe film was then preserved and hardened by holding it 
for | minute over a crucible of warm hydrogen peroxide. 
Polansky emphasised that this technique is only effective 
on mirrors which have been produced in equipment 
identical with that employed by Ritschl. ‘The efficiency 
of the aqua regia treatment may have been associated 
with the presence of evaporated platinum in the film. 


Telescope Mirrors 


Cartwright and Strong surveyed the potentialities of 
the evaporation process in 1931.°' bare tungsten 
heater from which the metal was evaporated was found 
to be generally suitable except for the metals beryllium 
and aluminium, which dissolved the coil. Aluminium 
was, in fact, the most important metal to be considered, 
as the primary object of Strongs’ research work had been 
to develop a method for aluminising large telescope 
mirrors. Further experiments were therefore carried 
out by Cartwright** in which crucibles of sapphire, 
graphite, magnesia, and thoria were employed. All 
these tests were unsuccessful because of metal-crucible 
reactions. 


Complete success was finally achieved in a very simple 
manner. The limiting solubility of tungsten in aluminium 
was found to be only 3°, by volume.” When a small 


quantity of aluminium was melted on a tungsten coil it 
could therefore absorb only a limited amount of tungsten 
before becoming saturated. If the tungsten coil was of 
large diameter wire, the amount dissolved from its outer 
surface did not seriously affect its physical or mechanical 
properties. ‘This type of evaporation source is now 
almost universally employed. Considerable ingenuity 
has been directed towards the developinent of tungsten 
heaters capable of holding and evaporating large 
quantities of 

‘Lhe dimensions of the telescope mirrors handled meant 
that evaporation plants had to be of large capacity, and 
there is little doubt that some of the units built for 
astronomical work during the immediate pre-war period 
were the first examples of industrial scale vacuum 
equipment capable of being regularly operated at pres- 
sures of the order of a tenth of a micron.*® ‘The vacuum 
techniques evolved during this period were of considerable 
value during later atomic energy developments. 

‘The success of vacnum metallisation led to develop- 
ments which lie perhaps outside the scope of this survey, 
since they were concerned with the deposition of fluoride 
films intended to reduce the reflection of light from lens 
surfaces.‘?7 The known as blooming, is of 
importance in the present connection, however, because 
it marked an important stage in the development of 
vacuum evaporation techniques which were thereby 
introduced to a broad section of industry which would 
not have been interested in processes applicable only 
to astronomical work. 

In the early days of the process many workers con- 
sidered that oil pumps did not give a clean enough 
vacuum, and that for the attainment of really high 
quality deposits mercury diffusion pumps fitted with liquid 
air traps were required. Modern oil pumps fitted with 
efficient baffles permit good deposits of most metals to 
he readily obtained, and only on very high grade optical 
work can the difference between deposits produced in 
oil and mercury pumped systems be distinguished. 
Tolansky7® observed, for example, that the reflectivities 
of silver interferometer mirrors produced by both 
techniques did not differ significantly. Only in the 
matter of absorption did the mercury product have 
superior properties. In few instances it is possible to 
attribute defects directly to the presence of oil vapour, 
as slight differences in the geometry of the evaporation 
source can lead to considerable differences in the rate of 
evaporation of impurities from the filament. Several 
instances quoted in the literature illustrate the difficulty 
of obtaining comparable conditions with both oil and 
mercury diffusion pump units, and therefore of obtaining 
a direct comparison of the film qualities possible by the 
two methods. 

Film quality is directly related to the cleanliness of 
the receiving surface before the commencement of 
evaporation. Aluminium deposited on an inadequately 
cleaned surface has a poor adhesion and small blisters 
develop in it after a short period. Details of several 
preliminary cleaning treatments have been given by 
Strong.** The glass surfaces after such treatment are 
usually subjected to a glow discharge in vacuo. This 
discharge removes thin contaminating films from the 
specimens by ion bombardment, and also improves the 
cleanliness of the vacuum chamber by accelerating the 
degassing of glass and metal surfaces. In the old 
days. when pumping speeds were low, this glow dis- 
charge treatment could be carried out during the normal 
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pumping down process before the tinal degree of vacuum 
was obtained. Evacuation rates are now so rapid that 
such a technique becomes impractible. 

The system is first pumped down hard so as to remove 
as many contaminating films as possible. Controlled 
quantities of a suitable gas are then admitted and the 
cathodic bombardment carried out. Strong floods the 
system several times with oxygen as this assists in 
removing the contamination. Holland’4 has described 
the precautions required to prevent the glow discharge 
from entering the diffusion pump baffle and causing 
partial decomposition of the oil present. Unwanted 
sputtered films near the mirror surface must also be 
avoided. 

Where metal substrates have to be cleaned, they are 
usually directly connected to one side of the high 
tension supply, which should preferably be rectified. A 
suitable discharge gas in such cases is hydrogen. ‘The 
adhesion of aluminium films to glass, however, is poor 
if a reducing or inert rather than an oxidising gas is used 
for cleaning the substrate. Dunover®® has used electron 
bombardment as a method for removing surface con- 
tamination. ‘lhe electron source is a hot cathode and the 
fixture used for holding the receiving surface is made the 
anode. 


Industrial Evaporation Processes 

Developments made during and after the war in the 
field of metal evaporation have been mainly those 
required to transform highly skilled laboratory 
technique into an industrial process. Automatic and 
continuous coating equipment has been introduced and 
the necessity for high speed pumping equipment 
adequately recognised. The equipment now employed 
is robust and capable of being satisfactorily handled by 
unskilled labour having no understanding of the principles 
involved. 

Automatic equipment is employed for depositing 
aluminium on to the fluorescent screens of cathode ray 
tubes which have a very high light output.** and 
similar techniques are employed for producing the 
reflecting coating required on the interior of lacquered 
headlamp mirrors. [Lhe techniques involved in large 
scale metallisation of plastic mouldings have been de- 
scribed in detail by Bateson'®® and more recently by 
Holland.§* Large volumes of gas are evolved from most 
mouldings, particularly those containing — plasticisers 
of low boiling point. and backing pumps required for 
evaporation units engaged on this type of work have 
therefore to be of greater capacity than those used for 
optical purposes. Deposition times are kept down to 
seconds in order to minimise the outgassing tendencies of 
the plastic, and this requirement means that evaporation 
sources must be capable of evolving metal at very high 
rates. A substrate with a craze-free surface is essential 
for the attainment of bright metallic finishes. so that 
lacquering techniques play an important part in decora- 
tive metallisation operations. Evaporation times usually 
represent, therefore, only a small proportion of the total 
pre essing cy cle. 

Plastic sheeting in roll form can be metallised by 
vacuum evaporation. ‘The volatile materials evolved 
from the sheet usually necessitate the use of booster 
pumps and refrigerated traps to prevent contamination 
of the rotary pump oil. Paul Alexander'®' has. since 
1937, designed and produced several machines used for 
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plastic sheet coating, and equipment for the continuous 
coating of paper condenser plates with zine is now ex 
tensively employed. The high vapour pressure of the 
liquid zinc makes it possible for coating rates to exceed 
several hundred feet) per minute.'” Much water 
vapour is evolved in the vacuum chamber when the 
paper ix heated in its passage past the evaporation source 
and the most satisfactory method of maintaining good 
vacuum conditions in this type of plant appears to lx 
the installation of a retractable liquid air trap which can 
be inserted into the chamber close to the surface of the 
heated paper. 

(to be continued) 
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Jamaican Bauxite Developments 


Tue Ewarton plant of Alumina Jamaica, Ltd 
shortly come into production on a small scale says a 
Barclays Bank D.C.O. message from Jamaica. As the 
plant settles down a steadily increasing rate of production 
is expected by the middle of next year. If all goes well 
and market conditions are favourable, it is anticipated 
that full production at the rated capacity of 250,000 tons 
of alumina per annum will be achieved in the latter part 
of 1961. The Aluminum Company of America is at 


will 


present prospecting for bauxite in the Clarendon area 
Chey expect to continue their testing for some 
before deciding whether to start mining operations 


time 


rt 

i 

62 Mazur, J., Bull tread. Polonaise, 1W25 

63 Smith, J. Just. 1927, $8, 133-136 

‘ vl ! Vl it 


Zone Melting of 
Boron Facilitated 


New Technique for 


Pressing Rods 


HE discovery of a method for pressing rods of 


commercially available powdered boron has led 
in turn to successful floating zone melting of that 
extremely high melting point element. The technique 


will provide larger crystals for basic research studies of 


the semiconductor than have been available before. A 
paper deser/hing the new method was presented by Dr. 
E. S. Greiner of Bell Telephone Laboratories to the 
Metallurgical Society of the A.I.M.E. in Chicago recently. 

Because of its physical properties, boron does not 
lend itself to floating zone melting, since it is not possible 
to form the powder into a suitable shape by pressure 
alone. The pressed forms are so friable that they crumble 
as soon as any attempt is made to remove them from the 
forming dies. 

In one aspect of Dr. Greiner's new technique, boron 
powder, — 20-100 mesh in size, is placed in boiling boric 
acid solution, and the mixture boiled to dryness. This 
coats the boron granules with boric acid, and the powder 
san then be pressed into forms which can be handled 
without breaking. 

The formed bars, or compacts, are heated in two stages 
under vacuum for one hour, at temperatures of 300 
600° C., to decompose the boric acid into boron oxide. 
‘This compound forms a liquid coating on the boron 
particles. When the compact is cooled, this liquid 
hardens. and bonds the powder into a strong bar. 

The bar of boron powder is mounted vertically for 
floating zone melting. and a high frequency induction 
coil is used to melt a narrow band or zone of the material. 
‘The molten zone is moved down the rod by raising the 
bar through the coil, while the melted boron freezes or 
crystallises above the coil. During this operation, the 
boron oxide binder sublimes before the melting point of 
boron (about 2,000° C.) is reached. Crystals as large as 
0-1 in. were obtained, many of which were twinned. 

‘The apparatus used in the floating zone refining is 
similar to that used in the treatment of other materials, 
except that the rod of boron is enclosed within two 
concentric transparent quartz tubes. The inner tube is 
slotted: when the subliming boron oxide coats the 
tubes enough to restrict vision, the slotted tube is 
rotated to give a clear field again. This modification 
to the equipment has previously been used in the 
floating zone melting of gallium arsenide at the Bell 
Laboratories by J. M. Whelan and G. H. Wheatley. 


Dr. Greiner watches a rod of boron powder being zone 
melted. 


Preparatory to mounting the compact, the corners of 
the square bar are ground off, to minimise the ** cage ” 
effect, in which the corners do not melt. Also, in order 
to lower the resistivity of the boron, to allow it to be 
heated and melted by high frequency induction, the top 
end of the bar is mounted in a graphite cup, which can 
be readily heated by such means. 


Canadian Refractory Orders 

Wirh an already existing world-wide export trade 
amounting to over £200,000 annually and covering some 
twenty-seven countries, The Marshall Refractories 
Group, Sheffield, are increasing the tempo of their 
activities in the export markets. At about the same time 
as Mr. Hale, Marshall's sales director, was making his 
successful five-week tour of Latin America last August. 
Mr. G. T. Wragg. Marshall's chief representative, was 
dealing personally with trade enquiries in Canada. As a 
result of this visit, orders have already been received to 
the value of £8,600 from Dominion Steel & Coal. 
Dominion Foundries & Steel and Canadian Steel Wheel. 
‘The Marshall Refractories Group has previously supplied 
carbon refractories and insulating bricks to Canadian 
companies through their local agents and representatives. 
However, the success of Mr. Wragg’s visit has not only 
established that it is the personal contact which proves 
the most fruitful in negotiation, but has had the effect of 
inspiring their agents to contemplate the potential 
market which exists for British-made refractories. 


Burton, Griffiths and Delapena 
Burros, & Co., Lrp., Kitts Green, Birming- 
ham, and Delapena & Son, Ltd.. Cheltenham, announce 
that they have joined forces for the distribution of 
Delapena honing machines and equipment in the 
U.K. (including Northern Ireland). ‘This arrangement 
has been made with the object of offering maximum 
service to users of honing equipment. 
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Metallurgical Examination of a Failed Electro- 
Magnetic Liquid Metal Pump Channel 


By G. H. Broomfield 


Atomic Energy Research Establishment. Harwell 


Examination of a 13°, chromium steel electromagnetic liquid metal pump channel, which 


failed by cracking after some 950 hours rig testing, showed that the fracture was caused by 
fatique stresses, probably imposed by pressure pulses in the liquid metal. The evidence 
indicated that liquid metal corrosion had some influence in promoting failure. 


OW melting point metals in the liquid state are 
L very efficient heat transfer media, and they have 

been used in this role in fast neutron’? and 
thermal neutron’ nuclear reactors. A liquid metal has 
also been proposed as a fuel solvent in a thermal neutron 
reactor? and for this purpose bismuth has the most 
favourable nuclear? and physical properties.® together 
with reasonably satisfactory metallurgical properties 
with respect to compatibility with container materials 
and capacity for dissolving a nuclear fuel such as 
Suranium.? 

As part of a programme of feasibility and design studies 
of possible liquid metal fuelled reactors, the technology 
of circulating bismuth systems has been studied in 
several laboratories. One particular aspect of these 
studies has been that of the electromagnetic pumps* 
which may be used to circulate the fuel or coolant. 
Lhe operation of such pumps depends on the influence 
of a magnetic field on the liquid metal, which acts as a 
conductor for a hea vy electric current : the arrangement 
of the channel, field poles and connections for a simple 
D.C. conduction pump is shown in Fig. 1. 

Pump channels for bismuth are best made of ferritic 
low-nickel steel, and since both the current and the 
magnetic field in the liquid metal pass through the steel, 
the walls must be thin to reduce by-pass losses. The 
channels may therefore be highly stressed. The prefer- 
ence for ferritic steels for bismuth systems in general, 
and pump channels in particular, is due to the relatively 
high solubility of nickel and manganese in bismuth. 
making austenitic steels unsuitable. Operating tempera- 
tures may be as high as 550° C., but the more refractory 
metals are not suitable, either because of their relatively 
high solubility in bismuth or their poor oxidation 
properties, 

Iron has a low solubility in bismuth: it is about 
4p.pm. at 400°C, and 25p.pm. at 550°C.7 This 
variation of solubility with temperature can, in systems 
in which bismuth circulates through a temperature 
gradient, lead to corrosion by the mass transfer mechanism 
which depends on solution of iron from the hot part of 
the system followed by precipitation and trapping of 
iron crystals in the cold part » the liquid metal returning 
to the hot part is then unsaturated as its temperature 
increases, allowing solution of more iron. Mass transfer 


corrosion can be inhibited by first de-oxidising the system 
by adding 500-1000 p.p.m. of magnesium to the bis- 
muth and then adding 250-500 p.p.m. of zirconium 
(this figure depending on the solubility of zirconium at 


the 


minimum circuit temperature). Zirconium in 
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Fig. 1. The arrangement of channel, connections and 
field poles in a simple D.C. conduction pump. 


solution in bismuth combines with nitrogen in the steel! 
to form an effective solution barrier of ZrN? a few 
hundred angstroms in thickness. The efficiency of this 
inhibition technique depends on the continued availa- 
bility of nitrogen from the steel: a very low nitrogen 
content or a high level of alloying elements capable of 
forming strong nitrides may prevent ZrN film formation 
or lead to its early decay.* 

Bismuth expands on freezing, leading to a requirement 
for very positive directional solidification to a_ free 
surface if a rig is to be shut down without first draining 
the liquid metal. For this reason lead-bismuth eutectic, 
which contracts on freezing,'® is sometimes used for 
preliminary rig work, and although it dissolves less 
zirconium it can be inhibited by the same technique as 
that used for bismuth. 


Pump Details 


The pump channel which forms the subject of the 
present investigations was taken from a loop in which 
lead-bismuth had been circulated for the purpose of 
examining the effect of inhibitors on pump efficiency."! 
The channel was part of a 2-phase (separately excited) 
A.C. conduction liquid metal pump designed to pump 15 
gallons of bismuth per minute at 15 Ib. sq. in. pressure,'* 
and had been manufactured from 0-036 in. wall thick- 
ness, 13°,, chromium steel tube with copper conductors 
brazed to it with Johnson Matthey G.6 silver brazing 
alloy. It was a replacement for the original pump 


Fig. 2. 


Diagram of the pump channel. 


channel which had failed by perforation due to corrosion 
by bismuth. The pump was used to pump the lead- 
bismuth eutectic alloy in a nominally isothermal 
elliptical loop, and failure in this instance was due to a 
crack which developed in the position indicated in Fig. 2 
and allowed liquid metal to leak out. 


Rig Life of the Channel 


Total rig life of the pump channel was approximately 
950 hours, during which time the pump was operated at 
various power inputs and at temperatures between 
350° and 400°C. The pump operated at full power for 
a total of about ten hours, at various settings between 
20°,, and full power for periods totalling approximately 
250 hours, and for the remainder of the time at less than 
20°,, of full power. ‘The pressure rise through the pump 
when operating on full power was 7 Ib. sq. in., and 
the total pressure in the liquid metal was augmented by 
a static head of approximately 9 1b. sq. in. Excessive 
vibration, possibly due to loose core irons, prevented 
full power operation near the end of the period. 

For the first few hundred hours the liquid metal 
contained’ no oxygen getting or inhibiting addition. 
Magnesium was added first. to a concentration of 
approximately 400 p.p.m., and this coincided with a 
reduction in pump efficiency. Zirconium was added. 
after a total of about 750 hours running, to a concen- 
tration of about 100 p.p.m. This was followed by a 
period in which pump performance improved and which 
terminated with the failure. 


General Examination of the Channel 


The crack, which was at the outlet end of the pumping 
region, was clearly visible on the outside. It was 
branched and was not associated with any appreciable 
distortion of the tube. A bend test showed that the steel 
had not been embrittled by its service at high temperature. 
and examination with penetrating crack-detecting fluid 
revealed no further cracks. Lead-bismuth alloy which 
had penetrated the crack made it readily discernible in 
X-radiographs but no further defects were revealed. 

‘The pump channel was not completely wetted by the 
lead-bismuth alloy, but was almost so (about 80°.) in 


the region of the crack, and on much of the portion of 


tube to which the electrodes were joined. Examination 
of the inside of the tube by electron diffraction revealed 
no zirconium nitride layer. 


Analys is 
An analysis of the steel gave the following results : 


Chromium «wa 
Manganese. . 00-15%, 
Nickel @-23° 
Carbon 0-12% 


‘These values are normal for the type of steel, although the 
nickel content is high for this type of application. 

The Fracture Surface 

‘The fracture surface revealed when the crack 
parted showed two features typical of fractures induced 
by fatigue: it had a two-zone structure, with the finer 
textured zone towards the inside of the tube, and the 
fracture was stepped, the steps tapering away from the 
inside of the tube (Fig. 3). These features show that the 
crack started at the inside of the tube and slowly 
progressed outward. 


Was 


Micro Examination 

The etched structure of the steel was typical of the 
type with the thermal history of the pump tube. The 
region of the crack was not plastically deformed (Fig. 4). 
Corrosion pitting was observed near the crack and 
near the flat sides of the channel a few millimetres 
from the crack. No defects due to steel manufacture or 
tube fabrication were detected. 


Stress in the Region of the Crack 


Stresses in the pump channel in the region where the 
crack occurred were not calculated by the designers, 
since the original design incorperated a channel of 
different form, but an indication of the stress level due 
to the internal pressure of liquid metal can be obtained 
by using a method described by Brown! for calculation 
of stresses due to internal pressure in thin elliptic tubes. 
Such pressure results in a bending moment in the wall 
at the ends of the major axis of the tube. which is 
related to the dimensions of the tube and the internal 


pressure by the expression 
2/K 


pl d 

M 1—} ( - 

12 D 
in which M is the bending moment, p the internal 
pressure, )) and d the major and minor axes: A and E 

are elliptic integrals. 

The values of ) and d for the pump channel were 
approximately I-Sin. and O-4in., and a graph by 


The fracture surface, showing a two-zone struc- 
ture and tapered steps. 15 


Fig. 3. 
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Brown gives, for this axis ratio, a value of 0-SS equal to 


the term 
d\*/K 
dD E 


The measured pressure rise through the pump was 
probably an R.M.S. value, hence the maximum internal 
pressure was (9 + 7 y2) lb. sq. in. alternating with 
a minimum of sq.in. at 2 50e¢. s. Using the 
above formula, the bending moment varied between 
2-135 and 4-49 Ib. in. 
The maximum fibre stress f at the inside of the tube 

is then given by 

My 

- tons sq. in. 

22407 
where y is half the thickness of the tube wall and / 


is one twelfth of the cube of the thickness of the tube 


wall. At the lower pressure, therefore, f — 4-28 tons 
sq. in., and at the higher pressure f — 9-27 tons sq. in. 
Since the pump channel section was not a true ellipse, 
and the ends of the region where the crack occurred were 
constrained by regions probably under lower stress the 
above values must be taken as approximations. 


Discussion 


Results of the metallurgical tests made on the cracked 
pump channel show that the crack was due to fatigue 
stresses which exerted a maximum tensile stress at the 
inside part of the tube affected. Since there are no 
indications of crack formation commencing at the out- 
side of the tube, it is probable that the fatigue stresses 
were undirectional, corresponding with the fluctuating 
stresses produced by internal pressure pulses due to 
voltage peaks of the A.C. supply. 

The magnitude of stress required to produce the 
crack is difficult to estimate from metallurgical con- 
siderations, in view of the imadequate amount of 
knowledge of the effect of liquid metal corrosion on 
fatigue. Fatigue under aqueous corrosion conditions 
leads to a reduction of endurance or stress limits to 
small fractions of their original values, and to the 
elimination of the “ fatigue limit” effect in ferritic 
steel, but anomalous results have been obtained from 
tests on metals in contact with liquid metals. In some 
instances, when corrosion by the liquid metal has 
occurred, there has been no significant change in endur- 
ance: but a more common effect appears to be that 
of a reduction of properties. which is sometimes more 
marked after long exposures at low is 
conceivable that the degree of corrosion observed in the 
pump channel was sufficient to cause the apparently 
low stress operating (the fatigue strength of this type of 
steel in reverse bending should be of the order of 

26 tons sq. in. at 400° to initiate a erack, but 
this cannot be confirmed. If it is considered that the 
stress evcles which were effective in producing the crack 
were those developed in full power operation, the 


endurance was only 3-6 »* 10° eycles, which indicates a 


stress level well in advance of that which the material 
would have withstood for a long period. 

Additions of magnesium and zirconium were made to 
this rig so that their influence on pump performance 
could be observed. 


They did not appear to have been 


November, 195% 


The structure at the fracture, showing no plastic 
deformation. 800 


Fig. 4. 
effective in producing an inhibiting layer of zireonium 
nitride, probably for the reason that the nitrogen in the 
steel had become fixed by combination with chromium 
or silicon during the period of operation prior to the 
addition of zirconium, 


Conclusion 
The pump channel failure was a result of fatigue stress 
probably imposed by pressure pulses in the liquid metal 
the evidence indicated that liquid metal corrosion had 
some influence in promoting the failure. 
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Low Cost 
Refining of 
Molten Metals 


Birlefco Installation 


in Birmingham 


TT" E vacuum melting furnace has proved an expepsive 
but useful tool in the production of better alloys 
and of cleaner metals. Stream de-gassing equip- 
ment, alternatively, greatly reduces costs but is only 
suitable for relatively large batches of metal and has 
a limited effect on chemical analysis and, therefore. 
properties. In practice, it is limited in use to large 
forging ingots. Various ladle de-gassing systems are also 
in use, but are limited in the degree of de-gassing that 
can be obtained in a practical time, bearing in mind the 
difficulty of keeping metal hot in a ladle. 

Birlefeo (Birlec-Efeo (Melting), Ltd.) have developed 
a de-gassing and vacuum refining unit which claims to 
overcome many of these criticisms. It is relatively 
inexpensive but gives close control over temperature and 
pressure. ‘Turbulence of the metal in the vacuum 
vessel is induced electro-magnetically and cycle times 
are therefore reasonably short. 

A unit of this tvpe has recently been installed at the 
Birmingham Works of Henry Wiggin and Co., Ltd.. for 
the vacuum refining of special alloys. Basically it is a 
lS ewt. mains frequency induction melting furnace 
housed in a tiltable vacuum tank. A water-cooled 
copper induction coil, which is supported by a mag- 
netically-shielded steel framework, forms the furnace 
proper. Special insulating techniques and careful design 
work have been necessary to eliminate the difficulties of 
handling high voltages in vacuum, thus ensuring that 
no troubles arise through electrical breakdowns within 
the furnace. 

The choice of mains frequency was based, not only on 
the lower cost of the mains frequency electrical gear 
when compared with H.F. equipment, but also on the 
inherently greater degree of turbulence which a mains 
frequency furnace imparts to the molten metal. This 
turbulence stirs the bath thoroughly and brings new 
metal to the surface where gases and volatile metals can 
be drawn off. 
300 kW. and is arranged for connection to a low tension 
three-phase supply. This rating ensures ample power 
for melting, though, for refining service only. a maximum 
rating of 200 kW. would suffice. 

‘Lhe vacuum tank, which houses the furnace, is mounted 
on trunnions and tilted by twin hydraulic cylinders. 
The tank movement produces an approximately lip-axis 


‘The present installation has a rating of 


pouring effect from the furnace, and a retractable bridge 
over the top flange of the tank carries the metal stream. 
Hydraulic controls open and close the vacuum tank lid, 
and pneumatic clamps lock the lid on to the tank. The 
furnace mouth carries a refractory cover, which reduces 
heat losses and cuts down the loss of metal by splashing. 
The cover has holes which correspond with a viewing 
port in the chamber lid. 

‘The vacuum pumping lines are connected to the tank 
concentrically with the tilting trunnion. and in this way 
pumping connections are not demounted when the furnace 
tilts. ‘The present installation includes a three-stage 
pump set which gives ample gas handling capacity over 
the whole range. Automatic controls maintain the 
correct pumping sequence and a dust trap protects the 
pump set from damage by fumes and metal splashes. 
Pirani and dial gauges monitor the furnace pressures. 

The whole equipment was designed for use by relatively 
unskilled personnel with a minimum of technical 
supervision. 

A typical vacuum refining cycle occupies about one 
hour. Liquid metal is brought to the furnace by ladle 
and, when the furnace is charged, the hydraulic gear 
lowers the lid into position over the chamber and pneu- 
matic clamps lock it in place. The chamber pressure is 
then reduced to about 200-300 microns in about 15 
minutes. During refining, sufficient power is applied to 
the furnace to ensure thorough stirring of the molten 
metal and to maintain the temperature at the desired 
value. 

After vacuum treatment, air is re-admitted to the fur- 
nace. the hydraulic gear raises the lid, and the retractable 
spout is placed in position. The temperature of the metal 
is adjusted and checked by dip thermocouple and various 
other checks are made, after which the furnace tilts, 
pouring the vacuum refined metal into a ladle for casting 
or teeming in the conventional way. 

The application of vacuum to the melt removes gases 
and volatile metals. The results obtained so far have 
proved extremely satisfying and the high temperature 
properties obtained on vacuum-refined metals have 
exceeded those forecast, basing the estimates on work 
done in the laboratory. A standard basic refractory 

(continued on page 211) 
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Silver-Aluminium Alloys for Brazing 


Titanium and its Alloys’ 


By H. C. Davis, B.Sc., B.Sc.Eng., A.R.IC. 


Metallurgy Department, 


Royal Aircraft) Establishment 


The development of two solders suitable for brazing titanium to itself and to Ti-6°,, AL-A4°,,V and 
Ti-5%, AL-24°,, Sn alloys is described. The best results are obtained at 650-660 C.in vacuo or purified 


argon, with solders containing 69°, AL-30°,, Ag and either 1°, Nior 1°, Mn. Results are given of ele- 
rated temperature tensile tests on brazed joints, and of compression tests on sandwich panels with alloy 


faces and honeycomb and corrugated cores in titanium and titanium alloy. 
some ductility, but suffer appreciable corrosion by sea-water spray. 


HE development of high-speed. high-altitude 
aircraft and projectiles has directed much atten- 
tion to the possible use of titanium and its alloys 

as media of construction, particulariy the latter, due to 
their high strength weight ratio. Assemblies have been 
fabricated by welding and by brazing. using pure silver 
or silver-rich alloys as solders at working temperatures of 
1,0Q00° C. or more. Such temperatures are sufficiently 
high to incur loss of properties of the heat treatable 
alloys, and in order to avoid this it is necessary to restrict 
the brazing temperature to below 700°C. 

In sandwich constructions flux residues are undesirable, 
so that a fluxless process is to be preferred, and it was 
considered that brazing in vacuo or an inert atmosphere 
such as argon would be the approach most likely to 
prove successful. In view of the difficulty, if not 
impossibility, of purging all the air from within a 
honeyecomb-cored sandwich by means of a flow of inert 
yas. removal of the air by pumping would be essential in 
such cases, and work was therefore confined mainly to 
brazing in vacuo with a few subsidiary experiments in 
argon. 

De Ceeco and Parks? and Lewis ¢f al? in experiments 
on torch and furnace-brazing titanium, found the best 
joints to be made with fine silver as filler, and that various 
brazing alloys gave less satisfactory joints due either to 
brittleness or to erosion of the titanium. Joints obtained 
using 2S aluminium or 61S aluminium alloy were found 
to be reasonably ductile. 


Experimental 

Experiments with commercial brazing alloys such as 
Kasiflo showed these materials to be unsuitable for a 
vacuum process, since volatile constituents such as 
cadmium and zine evaporated and left a high melting 
point residue. Tests at 680° C_, with commercially pure 
aluminium gave promising results in vacuo, but wetting 
was imperfect, apparently due to fouling of the metal by 
gaseous residues, although the furnace was continuously 
evacuated to a pressure of approximately | micron. 
Greatly improved results were obtained by enclosing the 
test assembly in a loosely-fitting box of titanium which, 
when hot, acted as a“ getter ” and removed any harmful 
residues in the atmosphere or evolved from the walls of 
the furnace. 
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The brazed joints show 


Form of Brazed Joint 

The primary test of a sandwich structure is made by 
end-compression of the test panel, whereby the face 
plates tend to be forced away from the core and the 
joints fail largely in tension. In view of this, it was 
considered that strength values obtained from T-shaped 
test pieces would be more intormative as to the probable 
strength of sandwich panels than would lap joints. A 
disadvantage of the ‘1’ specimen is that, where failure 
occurs through the joint, the cross-sectional area of 
failure cannot easily be measured, and failing stresses are 
consequently difficult to calculate. For this reason the 
strengths of the joints have been expressed as the failing 


load in Ib. in. run of joint. 


Method of Brazing 

Joints were made between baseplates of 0-063 in. and 
vertical webs of 0-021-0-032 in. sheet material (nominal 
thickness). ‘The base-plates and webs were mounted ina 
jig with a strip of solder foil placed between each web and 
base-plate. Small dead-weights were attached to the 
webs to ensure that they fell into close contact with the 
bases as the solder softened and melted. Two holes were 
drilled in the base-plates to locate them in the jig, and 
these same holes were used to attach the brazed speci- 


men to a *T’-shaped jig for mechanical testing. The 
base-plates measured | and the webs 2 in., 


so that a joint } in. long with fillets on both sides of the 
web was made. The strips of solder were cut from foil 
0-005 in. thick and measured } in. One of the joints 
is shown in Fig. |. In preparing the solders, all annealing 
operations were conducted in an argon atmosphere to 
minimise oxidation. 

Prior to assembly in the jig. the titanium parts were 
first chemically cleaned by immersion in a bath con- 
taining 25°,, nitric acid and 2-5°,, hydrofluoric acid until 
effervescence had practically ceased. After removal from 
the bath, the pieces were washed, rinsed in methylated 
spirit and dried on a clean cloth. Care was taken to 
avoid touching the pieces with the bare fingers from the 
time they entered the cleaning bath until they were 
removed from the jig after brazing. The surface of the 
brazing solder was abraded with fine emery paper, and 
after the pieces had been cut to size they were rinsed in 
benzene and dried in air. 


Fig. 1. 


Brazed tensile * T '-piece 


After assembling in the jig, a thermocouple was 
attached so that the junction touched lightly against one 
of the webs about half an inch above the base-plate. ‘The 


jig assembly was then placed in a chemically cleaned 
shroud, made from commercially pure titanium sheet, and 
placed in the vacuum-furnace (Fig. 2). Whilst evacua- 
tion was proceeding. the heating furnace was run back 
and the heating current adjusted so that the furnace 
reached a temperature of 700-750 C. by the time that 
the reaction tube was evacuated (pressure 0-5-1 micron 
in 20-20 minutes). At this stage the furnace was moved 
over the reaction tube and the specimens to be brazed 
were heated to 650° C. in 15-20 minutes. In general the 
temperature was held at 650°—660° C. for [0 minutes, but 
variations of both temperature and time were made 
during the investigation. At the end of the brazing 
period, the furnace was run back and the reaction tube 
and contents allowed to cool in air until the temperature 
had fallen to 500° C., or slightly less. An air blast was 
then turned on to cool the tube as rapidly as possible, and 
when the temperature of the test pieces had fallen to 
helow 100°C... air was admitted to the tube and the 
contents removed. 


Ts nsile Ts sts 
‘The strength of joints made at 680°C. by the above 
procedure using aluminium as filler were very erratic. 


TABLE I EFFECT OF BRAZING TIME ON 


THE STRENGTH OF BRAZED 
JOINTS Tease ri-6°% Al-4% V Wel Solder: 7 7" 


, 


a lO minute brazing time at 650 


compression, 
AL49, V 
70° Al-30° 
in. 
commercially pure titanium formed from 0-021 in. thick 
sheet. the corrugations being equilateral triangles of 
0-70 in. side. 
with cells measuring } in. across the flats and 4 in. deep, 
the core being made from 0-008 in. thick titanium strips 
«veletted together to form the honeycomb. ‘The largest 
panels which could be accommodated in the vacuum 
furnace measured 6 


varying between 400 and 1.300 1b. in. run of joint. A 
more satisfactory solder was sought, having, if possible, a 
lower operating temperature than aluminium, and in 
view of the recognised good wetting properties of silver 
it was thought that alloys of silver and aluminium might 
prove useful. 

(M.P. 558° C.) was found to have good wetting and fillet- 
forming properties and gave much more consistent 
strengths than aluminium alone. It proved of little 
practical value, however, since foil wider than about 
s-in. could not be produced. Further tests with propor- 
tions varving between 50°,, Al-50°,, Ag and 90°, Al-10°,, 
Ag all produced easily rollable alloys. The best joints 
were obtained with 70°, Ag at 650°-660° 
whilst good joints were obtained at 630°--690° C., 
iclusive. 


A solder of the eutectic composition 72°,, Ag-28°,, Al 


Effe ct of A tmos phe re 


Tests were made to determine the minimum degree of 
evacuation necessary, and it was found that the presence 
of air at a pressure of 5 microns was sufficient to prevent 
joint formation, and subsequent work was carried out in 
the highest vacuum obtainable (0-5-1 micron). In an 
argon atmosphere in which the gas was supplied direct 
from a cylinder to give a pressure of 0-5-1 atmosphere, 
provided the titanium shroud was used, sound joints 
could be made although the shroud showed appreciable 
discolouration. Without the shroud the specimens 
suffered oxidation sufficient to inhibit brazing, and it is 
evident that if joints are to be made in argon some 
means must be provided to purify the gas. 


Effect of Time and Temperature on Joint Strength 

‘The influence of the time for which joints are held at 
the brazing temperature is shown in Table 1. The results 
indicate that a time of about [0 min. is necessary, and 
that much longer or very short times are to be avoided. 
Table I] shows the greatest strength to be obtained with 


Test on Sandwich Panels 

Three sandwich panels were made and tested in end- 
In all cases the face plates were of Ti-6°,, 
sheet (0-032in. thick, nominal) the 
» Ag solder was used in the form of foil 
thick. One panel had a corrugated core of 


The other panels had honeycomb cores 


3 in. and components of this size 


BLE 


EPFECT OF BRAZING TEMPERATURE ON JOINT STRENGTH 


(Materials As In Table I) 
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Fig. 2. Vacuum 


brazing apparatus 


Shroud containing specimens 
Silica tube 

Oil diffusion pump 
Thermocouple 
Resistance-heated furnace 


A. 
B. 
D. 


were cut from the various materials and assembled in a 
channel-shaped shroud of titanium which enclosed the 
edges of the sandwich. Brazing was carried out for 
10 minutes at 650°-660° C. 

Prior to assembling the sandwich, the face plates and 
cores were chemically cleaned as for the tensile specimens. 
The brazing foil was cleaned by immersion for a few 
seconds in the nitrie-hydrofluoric acid bath and removing 
the black film produced by a further immersion in nitric 
acid 15°,, vv (approx.). ‘The foil was then washed and 
dried. 

‘Lhe corrugated panel gave values of 37-2 and 36-8 
tons sq. in. for the equivalent* and panel? stresses, 
respectively, and this is about the maximum that could 
be expected, since it is slightly greater than the 0-1°,, 
proof stress of the core material which contributes 
significantly to the strength of this type of panel. For 
the honeycomb panels, equivalent stresses of 44-3 and 
30-8 tons sq. in. were obtained with corresponding panet 
stresses of 58-0 and 39-0 tons sq. in. 


Ternary Solders 
It became evident during the testing of these panels 


that the brazed joints were brittle since, at the point of 


failure, one or both of the faces stripped violently away 
from the cores. In attempts to produce more ductile 
joints, small additions of other elements were made to 
the binary solder, and for this purpose silicon, copper, 


The equivalent stress is determined by dividing the farting load by the cross 
sectional area of a single plate of face material having the same surface 
dimensions and weight as the panel. 

The panel stress is the failing load divided by the cross-sectional area of the 
faces for the honeyooml armed bey he ress-sertional area of the faces 


plus core for the 
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nickel, manganese and titanium were tried. Of these, 
only nickel and manganese proved useful, the others all 
giving joints with strengths much inferior to those 
obtained with the binary alloy, without increased 
ductility. The amounts of nickel and manganese which 
could be added were limited to about 2°,, by weight at 
the expense of aluminium since, above this amount. the 
alloys became increasingly difficult to roll into foil 
The tensile strengths of joints made with solders con- 
taining 2°, of the ternary addition were not superior to 
those containing 1|°,,, so that further tests were limited 
to the 1°, ternary alloys. No benefit was obtained from 
a quaternary solder having 0-5°, each of nickel and 
manganese. ‘The solidus-liquidus range for the ternary 
1°,, Niand 1°,, Mn alloys was found to be similar to that 
of the binary alloy, so that the brazing temperature was 
unaffected by the ternary additions. 

Some values for the strength of joints brazed for 
various times using the manganese and nickel ternary 
solders are given in Table II]. These show that the 
greatest strength is obtained with a brazing time of 
15 minutes for the 1°,, manganese solder and that little 
advantage is gained by prolonging the time beyond 
10 minutes for the 1°, nickel alloy. Similar results were 
obtained with joints in which the Ti-6°,, AL-4°,, V alloy 
was brazed to itself. and these times were therefore 
adopted as standard. A summary of the average 
strengths obtained with various parent metal combina- 
tions using these ternary solders is given in ‘Table I\ 
from which it is evident that at room temperature, and 
with the exception of titanium brazed to Ti-6°, AL-4°,, V 
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(a) 
Fig. 3. 


alloy, the nickel solder gives joints of equal or slightly 
greater strength than the manganese solder. 


Sandwich Panels Brazed with Ternary Solders 


‘The results of end-compressiop. tests of sandwich 
panels made using the ternary solders are shown in 
Table V. The values obtained for the equivalent and 
panel stresses are similar to those for the binary alloy, 
but a marked increase in ductility of the joints was 
apparent. When failure occurred, the violent rupture 
observed with the binary solder was absent, and the face 
plates remained attached to the cores. In the panels 
with corrugated cores, the brazed areas exhibited a 
marked tendency to follow the contour of buckling 
without rupture of the joints. thus indicating that the 
joint strength is of a similar order to that of the core. In 
some of the honeycomb panels, tearing of the core and 


buckling of the face plates occurred without failure of 


the brazed joints (Fig. 3). 


Microscopical Examination of Brazed Joints 
A microscopical examination was made of sections 
through joints between Ti-6°, Al-4°,, V alloy bases and 


PARLE \ END-COMPRESSION TESTS OF SANDWICH PANELS BRAZED 
WITH TERNARY SOLDERS 


Panel Stress 
(tons ay 


Corrugates 


orrigate 


Failure of sandwich panels in end compression (titanium cores) : 
core. 


(a) 


(a) honeycomb core; (b) corrugated 


webs of commercially pure titanium and Ti-5°,, Al-2}°,, 
Sn alloy using both of the ternary solders.  Photomicro- 
graphs of one of these sections are given in Fig. 4 and it 
is evident that little erosion of the parent metals has 
occurred, the joints being formed by diffusion of the 
solders into the parent metals. The zones of diffusion 
can be seen at the higher magnification. All of the parent 
metals showed normal microstructures, and the degree 
of penetration of the solder was approximately the same 
in all of the jomts. 


Strength of Brazed Joints at Elevated Temperatures 


Tensile specimens were prepared in order to determine 


the strength of joints at 150°, 300° and 400°C. For 
each combination of parent metal and solder, four 
specimens were brazed simultaneously, two being kept at 
room temperature controls whilst the remainder provided 
duplicate tests at the elevated temperatures. In view of 
the fact that some considerable delay was likely to oceur 
hetween brazing and testing, the room temperature 
controls were tested coincidently with the hot tests, so 
that all specimens would be subjected equally to any 
ageing effects which might occur during storage. ‘The 
time-cycle for the hot tests was to bring the specimens to 
temperature over a period of 30 minutes and to maintain 
them at temperature for a further 30 minutes before 
testing. The results are given in Fig. 5. 

A curious feature of these graphs is that. where the 
joit consists wholly or in part of commercially pure 
titanium. the curves are convex towards the origin and 
are similar to the stress temperature curve for commer- 
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Fig. 4. 


solder: (a) unetched ; 


cially pure titanium. For joints made entirely of titanium 
alloys, the curves are concave, which is the reverse of 
the stress temperature curves for the alloys. Micro- 
scopical examination of a number of joints tested at 
150° C and 400°C. showed that at no time did failure 
occur in the parent metal. There was no evidence of 
diffusion from the web through the braze metal to the 
interface with the base-plate, so that it is improbable 
that the strength temperature properties of the parent 
metals influence those of the brazed joints. 

The two alloys used in these tests both contained 
aluminium as a major constituent. and it was considered 
of interest to determine whether similar effects occurred 
with an alloy not containing aluminium. For this 
purpose the binary ‘li-8°,, Mn alloy (RCIS0A) was 
chosen, and in order to reduce the number of specimens, 
joints were made using only the 1°,, Mn ternary solder. 
The results of these further tests showed that. for joints 
made between alloy and alloy, the concave shape of the 
curve is confirmed. The values for the joints made 
between titanium and ‘Ti-8°,, Mn alloy lay on a straight 
line. and although this did not conform to the convex 
curves obtained with the aluminium-bearing alloys, it did 
substantiate the significant difference strength 
temperature properties. ‘The reason for the difference is 
not known 


Tnflue nce of Ageing at Elevated 7% m peratures 

The first series of tensile specimens to be tested at 
elevated temperatures were those at 300° C., and there 
appeared to be a closer agreement between duplicate 
results than had previously been obtained at room 
temperature. It was thought that this might be due to 
some ageing effect having occurred during the heating 
cvele, but further ageing tests conducted at 300° C. for 
periods of up to 24 hours did not vield any conclusive 
evidence. 


Corrosion 


For a quantitative assessment of susceptibility to 


corrosion by sea-water, sixteen panels were made, half 


having corrugated and half having honeycomb cores. 
The jaces were all of Ti-6°,, AL-4°,, V alloy and the 
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Structure of joint between I.C.1. 130 Alloy web and Ti 6 


(b) etched in 1°, HF 12° 


Al 4°, V base with 69 Al 30°, Ag 1 Ni 


HNO, solution for 6 seconds. 


cores of commercially pure titanium. Four of each type 
of panel were brazed with the 1°,, Mn and four with the 
1°, Niternary solder, thus providing eight pairs of panels 
Four of the pairs were exposed to the sea-water spray in 
an open shed for 3 months, the remainder being kept as 
controls. At the end of the test. all the 
specimens were tested in end-compression to determine 
the loss of strength as a result of corrosion. The results 
are given in Table V1, from which it is evident that joints 
made with the 1°, Ni solder are less susceptible to 
corrosion than those made with the 1°, Mn solder. The 
extent of corrosion is considerably greater on the panels 
this was to be expected since 


corrosion 


having corrugated cores 
with these panels, the sea-water spray could be directed 
along the whole length of the joints. whereas with the 
honeycomb panels the spray is confined mainly to the 
outer edges of the panels. A visual examination of the 
corroded panels before mechanical testing revealed 
extensive attack where the sea-water had been in contact 
with the solder, and im all panels the face-plates had 
started to peel away from the cores. In all specimens 
corrosion was confined to the soldered joints, there being 
no evidence of attack on the parent metals 


Sandwich Panels with Titanium Alloy Cores 


The ultimate aim of this work was to produce sand 
wich panels having both core and face-plates of titanium 
alloy, since a stronger assembly would be obtained than 
with cores of unalloyed titanium. Since, at present 
alloy material less than 0-032 in. thick is not available, it 
has not been possible to make honecomb cores in titanium 
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Fig. 5. —Tensile tests at elevated temperatures on brazed T’-joints. 
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alloy, and attention was confined to preparing corrugated 
cores in 0-032 in. thick Ti-6°,, Al-4°,, V alloy. 

Unlike pure titanium, this material could not be bent 
cold through more than £0° round a radius of less than 
5ST, and it was necessary to resort to hot-forming. For 
this purpose a two-stage die was used whereby, in the 
first stage the corrugations were pressed individually, the 
material being given about 75°,, of its total deformation. 
In the second stage the corrugations were fully shaped 
by one or two presses over the whole of the form. ‘The 
pitch of the corrugations was 0-9in. with a vertical 
height of 0-6 in. and inner radius of curvature 0+ LO in. 
(51). It was found necessary to heat the material to 
950° C. for the first stage and to 1.0000 C. for the second 
in order to eliminate © spring-back ”. ‘The total heating 
and reheating time for each core was 15-20 minutes and 
all heating operations were performed in an atmosphere 
of argon, supplied direct from a cylinder without sub- 
sequent purification. After forming, the cores were cut 
approximately to size on a band saw and pickled in a 


nitrie acid-hydrofluoric acid bath prior to brazing. After 


brazing, the panels were machined to size (6 3 in.) and 


tested in end-compression. 

It will be seen from Table VII that, with one exception 
the values for the panel stress all lie within the range 
53-56 tons sq. in. As with the panels having unalloyved 


cores, collapse of the cores occurred causing dimpling of 


the face plates prior to rupture of the brazed joints. 
The panel stress values are approaching the nominal 
proof stress of the received "material 
(60 tons sq. in.) and there is reason to believe that 
heating this alloy to 
proof stress. To determine whether 
properties had resulted from the hot-forming, standard 
tensile test pieces were cut from the undeformed surplus 
from two of the cores and the tensile properties measured, 
The results showed the 0-1°,, proof stress (47 tops sq. in.) 
and elongation of the hot-worked material to be appre- 
ciably below that of the material as received, and that 
the failing stress of the panels is close to the proof stress 
of the latter. The ultimate strength and Young's 
Modulus were unaffected, 


as 


causes some loss of 


loss of tensile 


Conclusions 


(a) Ona laboratory scale, brazed joints have been made 
in commercially pure titanium and two of its alloys 
using aluminium-rich silver alloys as brazing metals 
‘Lhe best results were obtained with either 69°, Al 
Ag—1°,, Ni or 69°,, Al-20°,, Ag-1°,, Mn 


(4) Brazing may be conducted in vacuo or in an inert 
atmosphere such as purified argon. 

(c) Brazing times of 10-15 minutes are required, the 
optimum brazing temperature being 670 
but a range of 640°-670° C. is permissible. 

(d) Tensile strengths at room temperature range from 
1250-1560 1b. im. run of joint, according to the 
metals used for the joints. 

(¢) Tensile strengths at 300° and 400° C. are approxi- 
mately one half and one third, respectively, of the 
strengths at room temperature. Joints consisting of 
alloy brazed to alloy retain appreciably greater 
strength at elevated temperatures than joints bet ween 
titanium and alloy or titanium and itself, 


(f) Sandwich panels having corrugated or honeycomb 
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titanium cores give failing stresses of 30-40 and 
50-55 tons sq. in., respectively Panels having both 
core and face-plates of Ti-6°,, Al4", V alloy give 
failing stresses of 52-56 tons sq. in 

(y) ‘The brazed joints are reasonably ductile, but suffer 
appreciable corrosion in sea-water 
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Low Cost Refining of Molten Metals 


(continued from page 204) 
lining is in use and gives satisfactory lives. It is rammed 
around a normal type former and presents no special 
problems. 

The properties obtained om vacuum-retined metal are 
particularly gratifying. since they come from a furnace 
which produces the desired effects at a fraction of the 
cost of an equivalent conventional vacuum melter. With 
a reasonable degree of utilisation, actual costs are only a 
few pence per pound of metal treated 

‘Lhe mains frequency de-gassing and vacuum refining 
furnace can bring practically all the benefits of vacuum 
melting into the foundry and melting shop at an extremely 
low capital and operating cost. It provides a tool which 
gives close control over gas content, chemical composition 
and metal temperature. This vacuum treatment method 
involves relatively small changes in an existing melting 
shop and, since the equipment normally has fully 
automatic control gear and ample safety interlocks, it 
does not demand the extensive training of operators. 


Midland Silicones News-Sheet 


Some 35.000 copies of a new © controlled circulation © 
newsletter have been mailed by Midland Silicones, Ltd., 
to actual and potential customers of the company 
Initially appearing bi-monthly, the Midland Silicone 
News will feature information about the ways in which 
silicones are used today in almost every industry. The 
company feels that the new publication will capture the 
interest of people who do not realise the full extent of 
the uses of silicones in this country. They have found 
that all too often people using silicones for specific 
applications in their own profession have very little 
knowledge of the ways in which these new chemical 


compounds are used in other industries—vet this could 


often be helpful in their own particular fields of interest 
Anvone wishing to receive copies of Midland Silicone 
News should write to the head office of the company at 
68 Knightsbridge. London. S.W.1 


- 
| Al 
- 
1 British Patent Apy tion No. ; Anplications alae filed in Canada 


Antifreeze and Corrosion 
Tue British Association 


Cast Iron Research has 


been engaged for the last two years on a study of 


the factors influencing the development of excessive 


rates of corrosion in the waterways of the engines of 


certain road vehicles using antifreeze solutions produced 
in accordance with Specification D.T.D. 779 (glycol 
inhibited with triethanolamine phosphate sodium mer- 
captobenzothiazole).* 

The evidence available from engine manufacturers’ 
records indicates that the vehicles most liable to severe 
corrosion are heavy duty diesel engined trucks built 
during the winter months and filled with the coolant at 
the factory. Corrosion difficulties usually arise within 
the first two or three months of service. There is some 
evidence to suggest that the corrosion is associated with 
the development of leaks in the cylinder-head gasket. 

Analysis of samples of coolant taken from vehicles 
which have been operating under typical service condi- 
tions have indicated that the contents of the inhibitors 
in the coolant decrease with time, the phosphate and 
mercaptobenzothiazole being lost at the highest rates. 
Comparison of the decrease in phosphoric acid and 
triethanolamine contents and the pH of the resultant 
solution indicates clearly that, at the same time that 
inhibitor depletion takes place, additional acid is intro- 
duced into the coolant. It has been shown that the major 
portion of this additional acid is formic acid, and there 


is evidence to show that this arises from the oxidation of 


the glycol. 

Determination of the residual oxygen content in the 
coolants of engines operating under typical service con- 
ditions has suggested that the rate of diffusion of oxygen 
from the atmosphere to the corroding interface is the 
controlling factor in the corrosion process, and this 
suggests that the reason for the apparent correlation 
between poor gasket sealing and corrosive conditions 
may be that, on the firing stroke, excess oxygen associ- 
ated with the combustion gases is forced from the 
cylinder into the waterways. This oxygen would be at 
a very high temperature, and might therefore be 
expected to cause oxidation of the glycol more readily 
than can be achieved by merely heating the glycol to 
tvpical coolant temperatures in the presence of air. 

It seems likely that some oxidation of the glycol in 
an anti-freeze solution, whatever its inhibitor system. 
will always take place under service conditions. In the 
case of antifreeze solutions produced in accordance with 
D.T.D. 779, the rapid corrosion occasionally observed 
is probably due rather to the fact that the inhibitor 
system is insufficiently stable than to the fact that in 
this antifreeze solution glycol is more readily oxidized. 

It is thought that the prime reason for the inadequacy 
of the inhibitors in antifreeze solutions produced in 
accordance with D.T.D. 779 is the fact that an insuffi- 
cient concentration is present. The original work on this 
antifreeze was carried out on solutions of a concentration 
not less than 30°,, (i.e. an increase of 50°, over that 
commonly used in road vehicles). 

The pH value of an antifreeze solution is probably 
not an adequate criterion of its corrosivity, since a 
solution of pH value as high as 7-5 has been found to be 
associated with very rapid corrosion, whereas previ- 
ously it had been assumed that all solutions of pH value 
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greater than 6-4 were safe. A better criterion, although 
one which is much more difficult to determine, is the 
relationship between the total base and the total acid in 
the solution. Ina solution in which formic acid is being 
generated at a low rate, the surplus of total base over 
total acid present in the antifreeze initially will probably 
be maintained throughout the life of the coolant. but in 
a solution in which formic acid is being generated rapidly, 
the surplus of total base over total acid will decrease, 
and eventually a surplus of acid may be present. It is 
thought that when a surplus of acid is present the 
solution can be regarded as potentially dangerous, 
whatever its pH. Fig. | gives an indication of the 
trends which may be encountered in vehicles. 


1.C.1. Silicon Progress 


EARLIER this vear 1.C.1. announced the bulk production 
of semi-conductor grades of silicon from their plant —the 
first in Britain—and it was stated there were plans for 
expanding the capacity still further to 4.000 1b. The 
company's faith in the future of silicon has been well 
justified. The extension has been completed, and the 
benefit of increased production is being passed on to the 
consumers by way of price reductions. ‘The demand for 
silicon in Britain can be met and considerable quantities 
are being sold abroad, so that extensions have been 
planned which will more than double capacity in 1960. 
‘These modifications will be made relatively simply. as 
the original plant was designed for ready expansion. 

Two distinet types of silicon are required at present by 
device manufacturers : lump or granular silicon from 
which single crystals are made ; and zone-refined silicon 
in rod form. Lump silicon (150-500 ohm. em., p-type) 
is the form that L.C.1. have been marketing successfully 
so far. L.C.1. have been actively working on methods of 
growing silicon rods suitable for zone-refining, and are 
now installing a new plant which will be producing 
polverystalline rods early in 1960. The rods will have 
diameters up to I in. and lengths up to 24 in.: they will 
have a smooth surface finish and this, together with their 
very small variations in physical dimensions, will enable 
them to be used without further processing in zone- 
refining equipment. It will be possible to obtain high 
quality single-crystal rods after a few passes in the zone- 
refiner. The company is continuing active research in 
close co-operation with device manufacturers in order 
to keep abreast of new developments. 
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Iron and Steel Research 


BISRA London Laboratories’ Open Days 


AINLY for geographical reasons, it is customary 
for the British Iron and Steel Research Associ- 
ation to organise its Open Days on a regional 
The BISRA laboratories are located in London, 


basis. 
Swansea, Sheftield and Normanby, near Middlesbrough, 
and this year it was the turn of the London Group 
Laboratories to present a visual account of progress in 


the various investigations in hand. Of the five divisions 
and three departments into which BISRA is organised, 
two divisions (Plant Engineermg and Energy, and 
lronmaking) and the three departments (Physics, 
Chemistry and Operational Research) have laboratories 
in London. With the exception of the lronmaking 
Division's Blast Furnace Laboratory at Imperial 
College, all these are housed at Battersea, where most 
of the laboratory buildings were built before the turn 
of the century. A programme of rebuilding is in progress, 
and a new four-storey block of offices and laboratories 
has recently been completed. The remainder of the 
site will gradually be rebuilt in accordance with a 
progressive plan for complete re-development. 

At the Sheffield laboratories, three divisions (Steel- 
making, Metallurgy and Mechanical Working) are 
housed ; at Swansea, the Sketty Hall premises accommo- 
date the Coatings Laboratories of the Mechanical 
Working Division ; and at Normanby the lronmaking 
Division supplements the work carried out in London 
with pilot-plant work and application trials. The work 
of the London Group Laboratories thus represents about 
one-third of the Associations’ activities. 

The exhibits and demonstrations featured at this 
year's Open Days represented but a fraction of the 
projects in hand or recently completed, but in the space 
available it will only be possible to make brief reference 
here to a selection from them. 


Plant Engineering and Energy Division 
Steelworks Cranes 

With a view to achieving more economical design of 
iron and steelworks buildings, BISRA’s work on crane 
gantry girders has been directed towards assessing the 
dynamic loading effects of the crane wheels they support, 
the behaviour of the girders under such loading, and the 
correct method of calculating the stresses and deflections 
induced. ‘Lhe results of tests at full size and to one-fifth 
scale have been the subject of BISRA reports and 
published papers. ‘The impact effects due to crane wheels 
in motion have been shown to be considerably less than 
those allowed for in current specifications, but detailed 
examination of the test results has revealed high local 
stress concentration in the flange and web immediately 
under the wheels. Before any reduction in the existing 
specified impact allowances can be recommended, 
therefore, a satisfactory method of allowing for these 
local stresses must be found. Progress is being made 
towards relating these stresses to the characteristics of 
the individual girder and to evolving a simple formula 
capable of being used in conjunction with reduced 
impact factors. This work should make it possible to 
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design more economical girders and still have an adequate 
safety margin. 

The crane structure itself has also been the subject 
of study by the Civil Engineering Section, and in view 
of the importance of fatigue conditions, work is at present 
in progress to determine the number of times that stress 
variations occur in the lifetime of a crane. Use is being 
made of a strain gauge of the mechanical counting type 
originally designed by the British Shipbuilding Research 
Association. ‘lhe instrument on show has been used to 
record eight stress ranges up to 4 tons sq. in., and two 
more pairs of contacts are available to record up to 
5 tons sq.in. ‘The instrument records the number of 
times each stress—}, 1,14, 2 tons sq. in. ete.—is exceeded 
but the application of a stress of 3 tons sq. in. will also 
count as an application of 4, 1, 14, 2, and 24 tons sq. in 
This gauge is simple, but its length of 24 in. makes it 
insensitive to localised strains, and as these may be much 
higher than the average strains, efforts are being made to 
use the small voltage signal obtainable from an electric 
resistance strain gauge to actuate the recording head 


The Tallimarker System 

The Tallimarker system demonstrated by the Electrica! 
Engineering Section has been specially designed for 
conveying and recording information in steelworks. ‘This 
usually flows in two directions : details of a customer's 
order come from the mill office and details of progress 
are transmitted back to the office, where they are used 
in planning production, making up accounts and compil- 
ing reports for managements. At present this information 
is usually passed on paper chits or by word of mouth 
systems which are inefficient, and consequently expensive 
‘The Tallimarker automatic information handling system, 
on the other hand, is reliable, robust and accurate, and 
it can reduce clerical work and save time and money 

At key points along the production line of, say, a 
rolling mill, the operators have push-button desks and 
display screens, and information can be fed into the 
system at any of these stages. By pressing a button, 
an operator can see on his screen relevant information 
that has been fed in at earlier stages. At the soaking 
pits, the cast number, ingot number, quality code 
number and bloom size required are fed into the Talli- 
marker store, and at the primary mill the Tallimarker 
is advised whether the ingot is accepted or rejected. At 
the bloom shears the number of blooms from the ingot is 
recorded. Further accept or reject buttons can 
be operated at the section mill, and a second station at 
this mill is given information describing the section 
being rolled. While a section is being cut at the saw 
the ‘Vallimarker store holds its complete history, having 
followed it down the production line from the time the 
parent ingot left the soaking pit. Each time a length is 
cut from the section, the details in the store are relayed 
to the mill office and recorded on a teleprinter, on punched 
card, or on magnetic tape. The order number and length 
cut are also recorded, and in addition are displayed to 
the cooling bank operators to assist in sorting the bars. 


* Accept ” buttons may be operated by the ingots or 
blooms themselves, but “reject buttons 
necessity, be hand operated. When this happens, the 
information in the ‘lallimarker store can be taken out 
on a punched card, to be fed in again if the rejected 
material is returned to the production line after reheating. 


Hydraulic Gauge Control 


The BISRA gaugemeter system of screwdown control 
for strip mills uses the mill itself as the measuring 
instrument, the rolls of the mill acting as the rollers of a 
contact gauge, with compensation for deformation of the 
mill rolls and housing under load. The limiting factor 
with screwdown control is the speed with which screw 
setting adjustments can be made with the normal 
electric motor drive, and the use of hydraulics is being 
investigated as a means of speeding up the adjustment 
and improving the quality of the strip. 

The roll load is controlled by varying the force exerted 
by double-chambered hydraulic capsules inserted one 
on each side of the mill, between the screws and the top 
chocks. Each dual capsule contains a large (primary) and 
small (modulating) chamber. Deformable rubber bonds 
connecting the two halves of each capsule seal off the 
chambers from each other and from the atmosphere. 
The primary chamber is connected to a storage vessel 
and filled with fluid to form a liquid spring, resisting 
compression of the capsule and forming an energy store. 
The primary chamber provides the major part of the roll 
load, and the modulating chamber provides an additional 
load which can be controlled. Variations in the roll gap 
cause relative movements between the two halves of the 
capsules, and these movements are transmitted mechani- 
cally to the spools of the control valves. Compensation 
for the deformation of the mill components under load 
is effected by a pressure transducer, which gives a 
mechanical output proportional to the load and resets 
the linkage to the control valve. 


Screwdown Position Control 


Manual control of screwdown drives for rolling mills 
involves the operation of a multiple controller, each step 
of which corresponds to a given speed of the screwdown 
motor. Skill and an ability to concentrate are called for 
in the operator to enable him to switch off at the right 
moment to avoid overshooting. The position control 
system developed by BISRA—where the roll setting is 


must, of 


Laboratory ‘‘ mock-up” of the Tallimarker 

system as it might be installed on a steelworks 

rolling line. The push-button stations, display 

screens and central ‘‘ memory’ unit are all 
shown 


chosen and the serewdown motors started-up and 
switched-off automatically—offers the dual advantages 
of greater accuracy and more rapid operation. It may 
be used in three ways: “follow-up,” drafting” and 
pre-set. In the first, the screwdown follows-up each 
movement of the operators lever or wheel ; and in the 
second the initial roll setting is selected by a switch and 
further small movements take place by pressing drafting 
buttons. With pre-set control the sequence of rolling is 
set in advance, and each roll movement is initiated by 
the operator when required. This method is especially 
suitable where long rolling pass sequences have to be 
followed closely. 

A potential divider is connected to the screwdown 
motor and gives a voltage proportional to the position of 
the rolls. This is electrically compared with a voltage 
corresponding to the chosen position, and any difference 
between these two voltages is amplified and used to 
actuate the serewdown. A number of rolling schedules 
can be set in advance in electrical form, and to ease the 
task of the operator in selecting the correct one, the 
Translator was developed. In this a number of 
switches are set according to what the operator knows 
about the ingot to be rolled : size, weight, temperature, 
finishing size, ete. Each combination of switch settings 
has the effect of selecting the appropriate rolling pro- 
gramme, and it is only necessary to press a“ next pass ” 
button to set the rolls to each successive stage in the 
programme. More than a hundred programmes can be 
stored, 


('o-ordinated Press and Manipulator 


In forging operations the press (or hammer) which 
deforms the hot metal and the manipulator which 
manceuvres it during the process are designed indepen- 
dently and controlled by separate means. Difficulty in 
synchronising and mis-matching of their performance 
characteristics detract from efficient operation, and the 
Mechanical Working and Plant Engineering and Energy 
Divisions, with the help of two hydraulic companies, are 
engaged in the development of improved types of forging 
plant to overcome these difficulties. 

A combined press and manipulator built in the Sheffield 
laboratories has a capacity of 200 tons, and is provided 
with a modern rapid hydraulic control system which 
speeds up its operation so that each forging cycle can be 
completed in a second, allowing | in. penetration of the 
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ingot at maximum load. ‘The manipulator was built to 
keep pace with the press, and is capable of moving a 
600 Ib. ingot through a distance of 3 in. or an angle of 
20° in about one-third of a second ; it is also capable of 
raising or lowering the ingot. 

Speed-up of the manipulator movements is achieved 
by a number of design features. The weight is reduced by 
having the traversing power unit fixed, with a pinion 
and toothed rack drive, and the lifting and rotating 
motions are actuated by a hydraulic cylinder and a 
compact hydraulic motor, respectively. The hydraulic 
power unit is also fixed on the floor and not carried by the 
manipulator. 

A servo control system is provided through solenoid- 
operated hydraulic valves of the simple on off type, with 
potentiometers to indicate position, and tacho-generators 
to measure speed and give the necessary advance warning 
so that the signalled position can be reached accurately. 
The control of the press is also arranged in this way. The 
ultimate aim is automatic co-ordination of both press and 
manipulator, using a programming cireuit which will 
provide for a complete series of forging passes with either 
rotary or linear movements of the ingot or a combination 
of both. 


Induction Heating 

In spite of the obvious merits of mains frequency 
induction heating—no loss of heat in waste gases : rapid 
heating with less scaling and with smaller temperature 
gradient—it has not been applied in this country to large 
masses of steel, except in special cases such as the heating 
of rounds before extrusion. Work on 6 in. round billets 
has established that induction heating can compete with 
conventional heating furnaces, on the basis of both fuel 
cost and tuel quantity, and further work is in progress 
on the possible applications. This involves the con- 


sideration of new handling techniques; new heating 
schedules to establish maximum heating rates: the 


economics of changing frequency to match stock size 
with electrical efficiency: the design of coils to fit 
different stock shapes; and the fitting of an induction 
plant into forge shop schedules. 


Flu idise d Be ds 

When a stream of air (or other fluid) is passed upward 
through a bed of sand (or other powder) so that the 
particles of sand become suspended in the airstream, the 
resulting suspension resembles a liquid. Such a system 
is called a fluidised system, and the sand-air suspension 
is known as a fluidised bed and behaves as a fluid. The 
thermal conductivity of a fluidised bed is greater (by up 
to one hundred times) than that of the fluidising gas 
alone so that the heat transfer rate between the walls is 
also greater. ‘There is no thermal or concentration 
gradient across the bed, and the pressure drop across it 
depends on its height and not on the size of the particles. 

In the first exhibit. the liquid-like properties were 
demonstrated by the floating on its surface of a toy duck 
and the sinking through it of a piece of iron. 
this type has been used, surrounded by a water jacket, 
for mould cooling, and it is hoped that the technique will 
enable moulds to be cooled rapidly, but uniformly, 
without the marked reduction in mould life attendant on 
water quenching. ‘The second exhibit was a hot-bed in 


which the maximum temperature reached has been 
about 1.4007 C. 
gated for ingot heating and hot storage. 


The use of such beds is being investi- 
Established 
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A bed of 


uses of fluidised beds in the iron and steel industry 
include ore roasting and the desulphurisation of coke 


oven gas. 


Temperature Measurement 


The work of the Energy Section in analysing furnace 
performance and investigating problems of heat transfer 
necessitates obtaining accurate temperature measure- 
ments over a large range, and special instruments have 
been developed for particular uses. In the pyrometer 
devised to eliminate errors in measuring the surface 
temperature of an ingot during heating in a forge 
furnace, a highly reflecting hollow hemisphere is placed 
in contact with the surface and the brightness of the 
black body produced is measured by the disappearing 
filament technique. Other instruments include a suction 
pyrometer designed to measure the temperature of the 
corrosive dust-laden waste an open hearth 
furnace ; a twin beam total radiation pyrometer for the 
measurement of temperature and emissivity of flames 
and a radiation flux meter whose purpose is the measure- 
ment of heat transfer rather than temperature. 


rase 
gases of 


Ironmaking Division 
Experimental Technique for Studying the Blast Furnace 
Pre WERS 

The solution of many problems in blast furnace practice 
would be facilitated by the availability of satisfactory 
experimental techniques for: (a) detecting restrictions 
on productivity and fuel economy in the blast furnace 
process ; (4) evaluating the effects of changes in blast 
furnace operation and design on productivity and fuel 
economy , and (c) evaluating the quality of materials 
for the furnace. Hopes are high that a new experimental 
technique will fulfil these requirements, and tests on a 
small scale have been encouraging. 

If one considers an ideal furnace, in which a perfectly 
distributed charge descends evenly, steadily and without 
friction against the walls counter-current to perfectly 
distributed gas, the conditions (chemical composition, 
temperature, pressure, flow rate, etc.) will remain con- 
stant at any given level insuch a furnace. If a horizontal 
slice of the charge be imagined as descending through its 
own height, the conditions which had prevailed at the 
bottom will now hold at the top of the slice; in other 
words, the conditions at the top of the horizontal slice 
will lag behind those at the bottom by the time the slice 
takes to descend its own height. The second basic 
principle of the method is that the difference between 
conditions at any two levels is due to the interaction 
hetween the gas and the charge between those levels. 
This enables the difference in conditions between levels 
to be determined by experiments outside the furnace 

The apparatus consists essentially of a container large 
enough to take a representative portion of the furnace 
charge, which can be supplied with gas of any tempera- 
ture, composition and pressure at any flow rate, all these 
being measurable at the inlet (bottom) and outlet (top) of 
the container. The charge is fed into the container 
(through which gas is passing at the same rate, tempera- 
ture. ete.. as at the stockline) so that it builds up there at 
the same rate as it descends inthe furnace. The gas enter- 
ing the container is continuously adjusted at the inlet so 
that the conditions at the outlet remain, at this stage of 
the experiment, those of the furnace stockline. Then. 


because the actual furnace charge and conditions have 
been used, the inlet conditions when the charge height 
in the container is any given value, must be those at the 
same distance below the stockline in the furnace. When 
a suitable charge height has been built up, no more is 
added and the inlet conditions are continuously adjusted 
in such a way that the outlet conditions are no longer 
constant, but lag behind them by the time the particular 
portion of the charge would take to descend its own 
height in the furnace. In this way the portion of the 
charge taken is, in effect, followed down the furnace, time 
being substituted for motion. 

This technique will enable various operating conditions 
to be reproduced outside the blast furnace and studied 
far more effectively than is practicable on a working 
furnace, and far more cheaply. 

Ninter 

Laboratory work using solid fuels of widely different 
reactivities has confirmed that the combustion of 
carbon in a sinter bed proceeds completely to carbon 
dioxide in spite of the excess oxygen present, and has 
emphasised the need to take reactivity into account 
when assessing the suitability of a fuel for use in sintering. 
Further experiments have showed that the maintenance 
of two flame-fronts in the bed with a rich-ore mix can 
only result in strong sinter if the oxygen in the sintering 
atmosphere is raised to 30°,. The use of preheated air 
and three lavers has made possible the production of good 
sinter with 20°, less air. In the case of a home-ore mix, 
preheating to 70° C resulted in a higher permeability at 


Molybdenum in Sierra Leone 


MoLyBpENUM has now been found in the Northern 
Province of Sierra Leone, says a Barclays Bank D.C.O. 
message from Freetown. The discovery was made after 
two slanting holes had been bored to probe the rocks 
underlying the patch at vertical depths up to 450 ft. 
Cores of rock taken from the holes contain enough 
molybdenum and lead minerals for experts to advise 
further drillmg. Faint indications of molybdenum are 
fairly widespread around Lake Sonfon, says the Bank 
report, and another team will be flying out to Sierra 
Leone from the Royal School of Mines next vear to test 
streams and river water in about 150 square miles of 
country for molybdenum minerals. During the past 
twenty years scattered small occurrences of molybdenum 
minerals have been reported from time to time, but it 
was not until 1951 that larger quantities were found. 


Non-Ferrous Foundry Health Risks 


THE second report of the Joint Standing Committee on 
Safety, Health and Welfare Conditions in Non-Ferrous 
Foundries, published by the Ministry of Labour recently* 
is devoted to known and potential health hazards in 
non-ferrous founding. The Committee is of the opinion 
that the report on known risks prepared by its Technical 
Sub-Committee, to whom the question of health risks 
was remitted, “warrants the close attention of the 
industry,” which it is urged should act on it as scon as 
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all stages of sintering and thus a shorter sintering time. 

The relationship between strength of sinter and the 
temperatures recorded in the bed during sintering has 
been studied, and the results suggest that the strength of 
the sinter is controlled by different factors according to 
the quantity and composition of the slag-forming 
constituents present in the mix. 

In a study of the chemical compounds likely to be 
formed during the manufacture of self-fluxing sinter, 
briquettes of finely ground mixtures of iron oxide with 
added slag-forming oxides have been heated in air to 
temperatures from 1,150°-1,400° C. and analysed by 
X-ray diffraction photography. Any calcium ferrite 
formed reacts at higher temperature to give ferric oxide 
and calcium silicate. On the other hand, magnesium 
ferrite does not decompose in this temperature range. 

With lean-ore mixtures the use of preheated air for 
about one-third of the total sintering time after ignition 
can result in a saving of some 15°, in the coke breeze 
required, the total thermal input being reduced. In 
rich-ore sintering practice, savings in coke are in general 
less than with home ores and depend on the ore mix used. 
In extreme cases, there may be no saving of coke ; in no 
case of rich-ore sintering has the heat required been 
reduced. The effects of applying hot air before ignition 
in order to dry out and preheat the bed have also been 
investigated. The results show a slight thermal advan- 


tage over the corresponding treatment after ignition, but 
the gain is not great enough to justify allocating part 
of the strand for simple pre-drying of the sinter mix. 

(to be continued) 


possible. 


Attention is drawn to a medical appendix 
covering both known and pctential risks, and the Com- 
mittee comment that a “ good knowledge of this part 
would result in the avoidance of many risks which might 
be introduced inadvertently with new processes.” ‘lhe 
Committee agrees with its Sub-Committee in the view 
that medical supervision is desirable wherever it can be 
arranged, and that a general medical survey of the 
industry would help greatly by establishing the type and 
magnitude of the health risks involved. 


Foundry Equipment for Germany 
BaKER Perktns, Lrp., Bedewell Division, Hebburn-on- 
Tyne, have received a contract for the supply of foundry 
equipment to the well-known German founders E.G.O. 
Elektro-Gerate, Blane u. Fischer, Oberderingen. The 
British firm will supply a completely automatic moulding 
line to work in conjunction with two 24 « 24 in. Taccone 
diaphragm moulding machines. The plant will be 
capable of 150 moulds per hour and will include indexing 
mechanisms, roll-over and lowering devices, a closing 
device, automatic box separation and powered conveyor 
lines. 


British Oxygen Head Office 


Tue British Oxygen Co., Ltd., have completed arrange- 
ments to lease a large modern office building near 
Hammersmith for their head office. Construction will 
start almost immediately and it is expected that the 
move from the present premises in St. James's will take 
place in two or three years’ time. 
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Aluminium in 
the ‘Oriana’ 


Thousand Ton 
Welded Superstructure 


The all-welded aluminium deckhouse structure in course of con- 


WY ‘icin the Oriana goes into operation in the new 
joint Australian and Pacific service developed 
by the Orient Line and P. & O., she will be 
noteworthy not only as one of the most advanced 
passenger-carrying ships in the world, but also for the 
seale on which aluminium has been used in her construe- 
tion. By adopting welded aluminium fabrication for the 
whole of the vessel's superstructure above the strength 
deck, enough weight has been saved to allow the 
passenger accommodation to be increased to the extent 
of a complete deck, without reducing stability. In the 
eight tiers of deckhouses, three of which extend the full 
450-ft. length of the superstructure, 1,000 tons of alumi- 
nium plate and sections were used, about 870 tons being 
supplied by Northern Aluminium Co., Ltd. 
Welding 

Planning for the use of aluminium on this scale 
necessarily began several years ago, and preliminary 
investigation to settle such questions as the best welding 
procedures and techniques to be adopted was undertaken 
in 1955. In that year a large experimental deck panel 
was constructed in co-operation between the shipbuilders, 
Vickers-Armstrongs (Shipbuilders), Ltd., and Northern 
Aluminium Co., Ltd. The general method of construe- 
tion used for the panel was to join the plates by butt welds 
laid on to permanent backing bars, wherever possible. 
Although at that time experience of welded aluminium 
deckhouse construction was not so extensive as it is now, 
this system had already been successfully used for other 
ships, and it was eventually adopted for the Oriana. 

‘Lhe welding itself was carried out using consumable- 
electrode argon-shielded-are equipment. ‘The widespread 
use of welding as a means of fabricating aluminium 
structures is comparatively recent, but the modern 
fluxless processes of this type are now thoroughly 
established, and have brought the same ease of con- 
struction in aluminium that the shipbuilder is accustomed 
to find with steel. 

Among the items of aluminium welding equipment 
used by Vickers-Armstrongs for work in the Oriana was 
a Quasi-Are gantry type of machine (capable of Sigma 
weldiag of aluminium and Fusare welding of steel) for 
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struction at Barrow. 


Quasi-Are tractor-mounted equipment for 
and 
manually-operated 


fillet welding 
butt welding, both in the shop and aboard the ship 
Quasi-Are B.O.C. Lynx for 
assembly welding. 


sets 


Construction 

Prefabrication was adopted as an essential technique 
in the building of the aluminium superstructure. Deck 
panels with a typical size of 25 ft. sq. and weighing about 
2 tons were built up as units, and several larger structures, 
such as internal stairways, were also fabricated and lifted 
aboard complete 

As with a steel ship’s structure, it is an advantage to 
use aluminium plates of the largest available size. Until 
recently, designers have tended to be hampered by the 
fact that at present there is no hot mill at work in this 
country capable of supplying aluminium plates in widths 
greater than about 7 ft. To overcome this problem until 
their new wide rolling mill comes into operation next 
year, Northern Aluminium have supplied for the 
Oriana and other applications Noral Welded Plate. This 
is aluminium alloy plate up to II ft. in width, produced 
by the automatic welding together of two plates edge-to- 
edge in a special jig. ‘The weld bead on the resulting 
composite plate can if desired be ground flush, on both 
sides if necessary, making the finished plate comparable 
in appearance with ordinary rolled material. The 
quality of the welding, moreover, is such that for most 
purposes not involving forming, the presence of the weld 
need hardly be considered. 

To ensure flatness, many of the pieces of Noral 
Welded Plate supplied for the Oriana were stretched after 
welding, using a 4.000-ton stretcher recently installed at 
Northern Aluminium’s Rogerstone works. This huge 
machine, the only one of its kind in service in Europe 
made a significant contribution to the success of the 
aluminium plate supply. Similarly important was a 
60-ft. plate saw, in use at the same works, capable of 
cutting plates to a hitherto-unattainable degree of 
accuracy and with guaranteed edge straightness. By the 
use of this equipment it was possible to supply the alumi- 
nium plates cut to the exact required widths, thus 
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reducing the amount of shipyard plate trimming work 
to the minimum. 

The general thickness of the plates supplied was from 
0-20-0-40 in., with a small number of thicker plates. 
All were of aluminium alloy to the B.S. NP5 6 specifica- 
tion, meeting the requirements of Lloyd’s Register for 
welded ship structures. 

As far as possible, extruded aluminium alloy sections 
were used in the Oriana’s superstructure for girders and 
other members, as well as for the usual deck beams and 
stiffeners, rather than members fabricated from plate. 
‘This has meant that the proportion of extruded sections 
in the structure is higher than is usually the case in work 
of this kind. 

The sections throughout were of aluminium alloy to 
the B.S. NE6 specification, again meeting the require- 
ments of Lloyd’s Register. Some unusually large ex- 
trusions were included, up to 16 in. in overall dimension 
and with a weight per ft. of over 15 1b. For beams and 
stiffeners incorporated in the prefabricated deckhouse 
panels, a special series of sections with a tapered bulb 
was used, as an alternative to the better-known square- 
bulbed British Standard aluminium shipbuilding sections. 

The building of a ship with this 1.000-ton aluminium 
superstructure—incidentally by far the largest welded 
aluminium structure every built—not only indicates the 
progressive outlook of those responsible for its design, 
but at the same time clearly demonstrates the great 
progress that has been made in the development of 
sound techniques for the employment of welded alumi- 
nium in shipbuilding. Less than ten years ago a shipyard 


Preliminary investigation work to assess the best welding 
procedures and techniques included the construction of this 
experimental deck panel, built in 1955 as a result of co- 


operation between Vickers-Armstrongs (Shipbuilders), 
Ltd., and Northern Aluminium Co., Ltd. 


application of aluminium on the scale of that in the 
Oriana would hardly have been predictable ; the advances 
made, particularly in the welding of aluminium, have 
undoubtedly surpassed all the expectations of a few 


vears ago. 


All-Electric Melting Shop Planned 


The United Steel Cos., Ltd.,.—are to spend £10m. on 

the replacement of all their existing open hearth 
steel melting furnaces by six electric arc furnaces of 110 
tons capacity each. When completed in about five years’ 
time, this will be the largest electric steelmaking plant in 
the world, with an annual capacity of 1,350,000 ingot 
tons of steel. It is also the largest single development 
scheme in the branch’s eighty-vear history. 

At the present time, there are twenty-one open hearth 
furnaces at Steel, Peech and Tozer—fourteen in the 
Templeborough melting shop and seven in the Rother- 
ham meltiog shop—producing approximately one miliion 
ingot tons of steel per year. ‘Lhe existing Templeborough 
melting shop is to be adapted to house the new electric 
furnaces, and this will mean the disappearance of a 
well-known local landmark with the demolition of the 
fourteen 120 ft. high chimneys for waste gases, although 
the present size and shape of the building will remain 
substantially as at present. The Rotherham melting 
shop will be demolished entirely. 

Initially, four electric furnaces of the swing-roof type 
will be installed, and it is planned to have the first of 
these in commission by January, 1963. In order 
to make a start on the plant, however, the first two open 
hearth furnaces at the Sheffield end of the Temple- 
borough melting shop will close down in two years’ 
time, to be followed by others as the scheme progresses. 
Arrangements have already been made to maintain the 
existing level of steel production during the changeover 
by fitting double oil burners to some of the furnaces and 
converting others to all-basic refractory linings. No 


AND Tozer, of Rotherham—branch of 


order has yet been placed for the supply of the electric 
furnaces, but almost ¢verything apart from the electrical 
equipment is to be manufactured by Distington Engineer- 
ing Co., Ltd., a United Steel subsidiary. 

Negotiations with the electricity supply authority for 
the supply of power have not vet been concluded, but the 
power requirements of the new plant will be 75¢ million 
units per vear —-six times the amount used by the whole 
works at present, and over one-third of the existing 
industrial load in the Sheffield area. A new electrical 
sub-station is to be built near to the company's Brins- 
worth mill which will take power at 275,000 volts from 
the super-grid. This sub-station will house the York- 
shire Electricity Board’s transformers and switchgear 
and will permit a metered supply of power at 33,000 
volts to be conveyed by cable to the Templeborough 
melting shop, where it will be transformed down to a 
working voltage of 565 200 for furnace consumption. 

The changeover from the open hearth to the electric 
are process will entail the provision of new steam generat- 
ing equipment, as all the existing waste heat boilers will 
become redundant. Special attention will be given to 
fume extraction equipment with the aim of minimising 
the dust nuisance. A new ingot mould preparation build- 
ing is to be laid down adjacent to the melting shop and 
this will be twice the size of the existing mould prepara- 
tion building, which it will replace. 

THE head office of the Wakefield Group has moved to 
Castrol House, Marylebone Road, London, N.W.1. 
(Telephone : Hunter 4455). 
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NEWS AND ANNOUNCEMENTS 


New Vacuum Science Committee 
FoLiow1ncG The Institute of Physics’ London Conference 
on high vacua held in April last, various suggestions were 
made for arranging regular British meetings on vacuum 
science and technology, and for British participation in 


international conferences in this field. As a result of 


informal discussions between societies and institutes in 
this country a Joint British Committee for Vacuum 
Science and Technology has now been formed. ‘lhe 
committee consists of representatives from each of the 
following bodies :- 

The Institute of Biology 

The Institution of Chemical Engineers 

‘The Royal Institute of Chemistry 

The Institution of Electrical Engineers 

The Iron and Steel Institute 

‘The Institution of Mechanical Engineers 

The Institute of Metals 

The Institute of Petroleum 

The Physical Society 

The Institute of Physies 
Its objects are : 

(a) to co-ordinate and help to initiate meetings in the 
whole field of vacuum science and technology 
arranged by constituent bodies, and 

(b) to act in the collective interest of the constituent 
bodies by maintaining liaison with the Inter- 
nationa: Organisation for Vacuum Science and 
Technology and with national vacuum societies, 
and otherwise. 

The Institute of Physics has agreed to provide the 
secretariat for the joint committee ; communications 
should be addressed to the secretary of the joint British 
committee at its headquarters, 47 Belgrave Square, 
S.W.1. 


Wellman-Voest L-D Agreement 

A conTract between Voest A.G. and The Wellman 
Smith Owen Engineering Corporation, Ltd., has been 
signed in Linz by Herr Hitzinger and Sir Peter Roberts, 
Bt., for exclusive co-operation in the U.K. for the design 
supply and erection of plant and equipment for the 
L-D steelmaking process, which has proved extremely 
successful on the Continent. A further and more detailed 
announcement will be made later. 


A.E.1. Reorganisation 


On January Ist, 1960, the British Thomson-Houston 
Co., Ltd., Metropolitan-Vickers Electrical Co., Ltd., and 
Siemens Edison Swan, Ltd., change their names to 
Associated Electrical Industries (Rugby), Ltd., Associ- 
ated Electrical Industries (Manchester), Ltd.. and 
Associated Electrical Industries (Woolwich), Ltd.. 
respectively. 

At the same time five new product divisions of 
Associated Electrical Industries are announced. The 
Cable and Construction Divisions combine the interests 
of the S.E.S. Cables Division with those of W. T. Henley’s 
Telegraph Works Co., Ltd., and Liverpool Electric 
Cables, Ltd. The TVelecommunications Division has 
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hitherto traded as a product division of Siemens Edison 
Swan. Ltd. ‘These three divisions, together with the 
Radio and Electronic Components Division, will be 
managed by Associated Electrical Industries (Wool- 
wich), Ltd. (formerly S.E.S.). The Instrumentation 
Division combines the interests of Sunvie Controls, Ltd., 
with the instrument and meter, X-ray, and scientific 
apparatus departments of Metropolitan-Vickers and 
will be managed by Associated Electrical Industries 
(Manchester), Ltd. (formerly M-V.). 

So from January Ist, 1960, the total of A-E.1. product 
divisions to be established becomes twelve, and the 
famous companies whose names are to change will 
cease to trade, but will manage a number of A.E.1 
product divisions. Their employees will be transferred 
to A.E.l. employment. Birlec, Ltd., the heat treatment 
and furnace manufacturing company, will be renamed 
A.E.1.-Birlee, Ltd., and will be managed by Associated 
Electrical Industries (Rugby), Ltd. (formerly B.T.H.). 
‘Lhe name of its associate company, Birlec-Efco (Melting), 
Ltd., will not be changed 

A.E.I. is thus established as a trading company in the 
fullest sense—a relatively new name in the world of 
commerce but with the history and strength of famous 
companies behind it--and Britain's largest electrical 
manufacturer. 


B.S.C.R.A. Council Elections 


Dr. R. Hunter, deputy managing director of the 
Clyde Alloy Steel Co., Ltd., and a leading authority on 
alloy steels and steel castings, was recently elected chair- 
maa of the council of the British Steel Castings Research 
Association, having lately been vice-chairman. Mr. 
W.S. Scorr, a director of Darlington Forge, Ltd., has 
succeeded Dr. Hunter as vice-chairman of the council. 
The retirement of Mr. C. H. Kary, managing director 
of Lake & Elliot, Ltd., and the National Steel Found: y 
(1914). Ltd., who was chairman of the council for over 
five vears, was marked by the presentation, by the 
Association's staff, of a stainless steel gavel, designed and 
made at the Research Station. This gavel comprises a 
scale model of a handshank, the anvil being formed of an 
etched section of a clover leaf test piece—an acknow- 
'edgment of Mr. Kain’s invention of this design of test 
piece. An eloquent tribute to the work of the retiring 
chairman was paid by Dr. A. H. SuLty, director of 
research, B.S.C.R.A., who said that the erection of the 
Research Station and the expansion now in progress 
were a lasting testimony to Mr. Kain’s chairmanship. 


The Computer in Production 
THE INSTITUTION OF MECHANICAL ENGINEERS is arrang- 
ing an informal discussion on‘ The Computer in Produe- 
tion.” The purpose of the meeting is twofold :— 

(1) to introduce chartered mechanical engineers and 
managers to the latest techniques involving the 
application of computers in production ; and 

(2) to provide a forum for managers, engineers and 
users to present their views to manufacturers of 
computers. 

The meeting will be held on Monday, March 21st, and 
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Tuesday, March 22nd, 19€0, and will commence at 
10 a.m. each day, continuing until 8 p.m. on the first day 
and about 4 p.m. on the second day. Several distin- 
guished engineers and users of computers will give talks 
on the subject, and the discussion will be informal, and 
will not be reported. Visits to computer centres and to 
installations where computers are being used on produc- 
tion problems will be arranged. 

‘Lhis meeting will be open to members and visitors, and 
is aimed primarily at management level ; but the subject 
treatment is also likely to be of interest to specialists in 
computers. Mechanical engineers are employed in a 
very wide range of industries, and there is every indica- 
tion that a forum is needed for a discussion on computers 
in * Production ”’ in its widest sense. ‘I hose who wish to 
attend the meeting should apply to The Secretary, 
‘Lhe Institution of Mechanical Engineers, | Birdcage 
Walk, Westminster, London, 8.W.1. 


Metallographic Techniques Course 
A course of twelve meetings (seven lectures and five 
practical periods) on modern metallographic techniques 
will be held on successive Wednesday afternoons, 
commencing January 13th, 1960, at the Northampton 
College of Advanced Technology, St. John Street, 
London, E.C.1. The syllabus covers recent develop- 
ments in polishing and etching techniques; thin film 
preparation ; special methods of illumination in micro- 
scopy ; micro-hardness testing ; electron microscopy ; 
microradiography ; colour photomicrography; 
microscopy: and high temperature metallography. 
‘lhe fee for the course is two guineas and information 
concerning enrolment can be obtained from the College. 


U.S. Tour 


Dr. A. H. Sutiy, Director of the British Steel Castings 
Research Association, Sheffield, presented a paper on 
“The Control of Dust and Noise in Steel Foundries ** to 
the Technical and Operating Conference of the Steel 
Founders’ Society of America, which took place in 
Cleveland, Ohio, from 9th-I1th November. Dr. Sully’s 
lecture was illustrated by a film, entitled * Let’s Clear 
the Air ’’, produced by, and obtainable on loan from, the 
B.S.C.R.A. ‘The invitation extended to Dr. Sully is a 
tribute to the pioneermg work in the field of industrial 
health carried out by British steelfounders through their 
Research Association. In the course of his tour, Dr. Sully 
visited a number of steel foundries and research centres 
in the U.S.A. and in Canada. 


Hilger & Watts —-I.R.D. Merger 


Hivcer & Warts, Lrp., have acquired the whole of the 
issued share capital of The Infra-Red Development Co., 
Ltd., Welwyn Garden City, which was founded in 1946 
and specialises in the analysis of gases by non-dispersive 
infra-red techniques, primarily for industrial purposes. 
From the start, the firm has been under the technical 
control and management of Mr. W. B. Bartley, who will 
remain managing director. The pooling of knowledge 
and experience will be of great value to the two com- 
panies, and the technical, financial, and manufacturing 
resources of the Hilger & Watts organisation will expedite 
further developments in gas analysis and their application 


in the expanding field of process control. In that field, 
dispersive infra-red techniques (in the use of which Hilger 
& Watts have had long experience) are also likely to 
become more important. The Infra-Red Development 
Co., Ltd., will continue to operate at its works and 
offices in Welwyn Garden City and will continue to 
develop and manufacture the gas analysers on which it 
has built its reputation. 


Dow British Subsidiary 
THe British subsidiary of The Dow Chemical Co. of 
Midland, Michigan, U.S.A.—Dobeckmun Britain, Ltd.— 
has changed its name to Dow Chemical Co. (U.K.), Ltd., 
and broadened the scope of its activities. ‘The company 
will continue to handle the manufacture and sale of 
Lurex, a non-tarnishing metallic yarn, produced in 
Windsor, Berkshire. In addition, it will take over direct 
sales of Dow-produced packaging films such as Trycite 
(Dow polystyrene film), Saran Wrap (Dow vinyl-vinyli- 
dene chloride copolymer film), and polyethylene film. 
It will also supervise the sales of Dow U.S. and Canadian- 
produced industrial chemicals, plastics and magnesium 
in the U.K. In the latter line of products, the company 
will continue to use the services of appointed distributors. 
Address of the company is Dow Chemical Company 
(U.KK.), Ltd., 48 Charles Street, London, W.1. 


Disposal of Tin Stockpile 

‘THE Board of Trade gave notice on June 26th, 1959, that 
they intended to make available for sale the remainder of 
their stocks of tin, amounting to about 2,500 tons. The 
International Tin Agreement requires six months public 
notice of disposal of non-commercial stocks. The Board 
of Trade now announce that arrangements have been 
completed, subject to the formal agreement of the 
International Tin Council at their next meeting in 
December, for the sales to take place through the Buffer 
Stock Manager of the Tin Council, and for the tin to be 
available to him from December 28th, 1959. Sales of the 
second 2,500 tons will be made on the same basis as that 
of earlier sales. 


Pipes and Pipelines Exhibition 
Recent technical progress and growing world-wide 
interest in pipes, pipelines and their ancillary equipment 
is reflected in the decision to hold the First International 
Pipes and Pipelines Exhibition. Sponsored by the 
journal Pipes and Pipelines, it will be held at Earls 
Court, London from 30th May to 2nd June, 1960, and will 
provide an opportunity for executives, managements and 
buyers of pipe-using firms to see what the industry has to 
offer, and to examine at leisure the latest developments, 
materials, techniques and applications. Further details 
are available from the organisers : Scientific Surveys, 
Ltd., 97 Old Brompton Road, London, S.W.7. , 


Magnesium Price Reduction 


Avcan (U.K.), Lrp., have announced a reduction in price 
of magnesium ingot. Metal of 99-8°,, minimum purity 
is delivered customer's works for 2s. lb., a reduction of 
3d. lb. on the price current since the beginning of the 
vear. 
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Stelvetite, the plastic coated steel sheet, was 
featured by the manufacturers, John Summers 
& Sons, Ltd., on their stand at the Institute of 
Sheet Metal Engineers Exhibition last month. 
The picture shows the stand on which were 
arranged typical items incorporating Stelvetite, 
including a Triumph TR3 sports car facia 
panel, a Scales-Spin dryer, a Santon water 
heater, clocks by Smiths and A. S. Brown, a 
Rabone measuring tape, a fireside log-box 
by Herman Smith Mastercraft, an Arthur 
Shaw companion set, and a miniature sample 
of Quiltile acoustic tile. 


B.N.F.M.R.A. Chairman 


Mr. F. C. Brasy, M.C., D.L., (chairman and managing 
director of Fredk. Braby & Co., Ltd) has been elected 
chairman of the council of The British Non-Ferrous 
Metals Research Association to succeed Dr. Maurice 
Cook, C.B.E. who retires from office on the 3ist December 
next. A Past President of the Engineering and Allied 
Employers’ National Federation and of the London and 
District Engineering and Allied Employers’ Association, 
Mr. Braby has also contributed much to the managerial 
efficiency and technical advancement of the galvanizing 
industry through his service as chairman of the Hot Dip 
Galvanizers’ and the Galvanized Tank Manufacturers’ 
Associations. Mr. Braby has played an active part in the 
affairs of the Research Association since 1929, and has 
heen a member of council since 1935: in 1950 he was 
appointed a vice-chairman and hon. treasurer of the 
Association. 


Electric Smelting, Pilot Plant 


Mr. ©. J. Beavis has been appointed by Birlec-Efco 
(Melting), Ltd., to take charge of all Birlefco’s smelting 
activities. Formerly works engineer for The Distillers 
Co., Ltd., at their factory near Port Talbot in South 
Wales, Mr. Beavis was responsible for all engineering 
construction and maintenance required for the production 
of calcium carbide. A pilot plant is being commissioned 
at Aldridge, and Birlefco will be the only company in 
Britain to operate a contract service for electric smelting. 
‘The plant is intended to test the amenability of custo- 
mers raw materials to electrothermal reduction, and to 
determine the most suitable smelting technique and the 
nature of the products obtained. 


Tonnage Oxygen Plant 


ApPLEBY-FRODINGHAM STEEL COMPANY. a branch of 
The United Steel Cos., Ltd., are installing a tonnage 
oxygen plant at their Scunthorpe works at an estimated 
cost of £750,000. Site work has already begun and the 
plant is expected to be in commission by the late summer 
of 1960. Intended for the continuous production of 
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gaseous oxygen for metallurgical and combustion 
purposes, the new plant is being designed to produce 
100 tons of gaseous oxygen per day of 99-5°., purity at 
600 Tb. sq. in. gauge and ambient temperature.  Alter- 
natively, 90 tons of gaseous oxygen and 10 tons of liquid 
oxygen per day can be produced, so that the latter can 
be stored and evaporated to cover planned stoppages of 
the main plant 

Principal contractors for the tonnage oxygen plant 
are Air Products (Great Britain), Ltd... the British 
subsidiary of Air Products Incorporated, of Allentown 
Pennsylvania, U.S.A. All the structural steelwork is 
being fabricated by United Steel Structural Co., Ltd., a 
United Steel subsidiary, and the complete installation 
will be carried out by Woodall-Duckham, Ltd 


Personal News 


Mr. ©. Fox, partner in Daniel C. Griffith & Co., assayers 
to the Bank of England, retired from the firm at the end 
of September after more than fifty-two years service 
Mr. A. R. GRIFFITH, a great-grandson of the founder 
has joined the directorate 

Tae PressSeD STEEL Co.. Lrp.. announces that Mr 
R. N. Davies, works director at Cowley and chairman 
of the motor car body divisional board has been appointed 
a local director of the company Mr. Davies joined 
Pressed Steel in 1926, shortly after its inception, as a 
foreman on the assembly lines, becoming a superinten- 
dent in the early 1930's) He was appointed to works 
management in February, 1952, and to the chairmanship 
of the motor body divisional board in December, 1957 
Mr. B. WitiiaMs has been appointed resident technical 
sales representative at the Bristol oftice of Crofts (Engi- 
neers), Ltd., in place of Mr. Dawson, who has left the 
company’s service 

Mr. P. A. CHARLEswortH, a director of Electropol 
Processing, Ltd., and managing director of the patent 
holding company for the process Electropol Ltd... 
Poynton, Cheshire, recently made a tour of the U.S., 
where his business was concerned with technical liaison, 
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exchange of information, reciprocal sales promotion, and 
the visiting of main research organisations and commer- 
cial interests in the stainless steel and light alloy fields. 
Dr. R. A. Morr has been appointed consulant to The 
British Coke Research Association on relinquishing his 
position as superintendent of the chemical and physical 
laboratories of the Association's Coke Research Centre, 
Chesterfield. 

Mr. H. D. Boyp has retired from the board of Edgar 
Allen & Co., Ltd. Joining the company in 1906, Mr. 
Boyd was elected a director in 1933: he continued in 
an executive capacity until 1956, and retained his seat 
on the board until September of this vear. 

THE Steel Company of Wales, Ltd., has announced that 
following the completion of the company’s third develop- 
ment plan, and in view of the retirement of Caprarn H. 
Leighton Davies in June, 1960, Mr. R. W. Evans, 
Tue Hon. R. H. M. Kinpersvey, and Mr. 8. Scorr- 
MAXWELL have been appointed to the board. Captain 
Leighton Davies will continue as a consultant to the 
company following his retirement. Mr. Scott-Maxwell 
is appointed general manager designate to the tinplate 
division, to succeed Captain Leighton Davies in June, 
1960, and Mr. SHIRLEY GAZARD, assistant general 
manager—tinplate division, is appointed deputy general 
manager to the tinplate division from the same date. 
Mr. R. W. Evans, at present assistant general manager 
(operations), steel division, is appointed deputy general 
manager, steel division. ‘Ihe Hon. R. H. M. Kindersley 
joins the board as a non-executive director. 

As a result of appointments announced by English Steel 
Forge and Engineering Corporation, Ltd.. Mr. R. W. 
BROCKLEHURST, director, becomes general superinten- 
dent; Mr. E. LevesLey, manager, becomes superin- 
tendent of the forge machine shops ; and Mr. R. J. H. 
Hunt, manager, becomes superintendent of the heavy 
forge. 

Mr. C. W. V. Davis, a director of Research and Control 
Instruments, Ltd., will head the newly-formed industrial 
products division of that company, which will in future 
distribute Philips are welding supplies, filtration equip- 
ment and high frequency generators. 

A SourH WALEs area sales office has been eStablished by 
Birlec, Ltd., in Cardiff, and Mr. W. H. SratHam, who is 
appointed area representative for South Wales, has his 
headquarters at Associated Electrical Industries, Ltd., 
Mervyn House, Frederick Street, Cardiff. (‘Telephone : 
Cardiff 28511). Mr. Statham joined Birlee in 1946 and, 
prior to his new appointment, was a sales engineer in the 
furnace division of the company. 

Wickman, Lrb., announce the appointment of Mr. R. J. 
Dixon as director and general manager of their machine 
tool manufacturing company. 

Mr. N. R. Crump, president of the Canadian Pacific 
Railway Co., has been elected a director of The Inter- 
national Nickel Co. of Canada, Ltd. 

Mr. H. Stack has been appointed to the board of 
Kelvin & Hughes (Industrial). Ltd., as sales director. 
Mr. Slack, who joined the company in 1949, was formerly 
technical sales manager. 

Mr. P. Beynon has been appointed works manager, 
operational research and work study, at Steel, Peech and 
‘lozer, a branch of The United Steel Cos., Ltd. Mr. 
Beynon, whose new appointment became effective on 
December Ist, was formerly work study manager. 


to 
to 
to 


Mr. A. 8S. D. Barrarrt, technical director of Edwards 
High Vacuum, Ltd., since 1945, is resigning from the 
board of the company at the end of the year to become an 
independent consultant. His long association with the 
company will, however, be maintained by his appoint- 
ment as technical consultant to the company, thus 
providing a liaison between the large scale developments 
of vacuum technology now taking place and the long- 
term developments of the Edwards international group 
of companies. 

Ara mecting on November I 8th, the board of directors of 
Northern Aluminium Co., Ltd., accepted the resignation 
of Mr. C. P. Paton, who is taking up an important 
position with Aluminium, Ltd., in Montreal. At the 
same meeting, Mr. TayLor CoRNELIUS, who has taken 


over from Mr. Paton as Northern’s general works 
manager, was elected a director of the company. Mr. 


Cornelius was until recently a vice-president of Aluminum 
Co. of Canada, Ltd., and manager of that company’s 
fabricating division. 
Tue following changes in the responsibilities of senior 
executives of Union Carbide, Ltd., are announced : 
Mr. L. E. Wuairmore becomes director and general 
manager, Polyethylene Division: Mr. J. F. WipMan, 
previously director of marketing, chemicals, becomes 
director and general manager, Chemicals Division ; 
and Mr. R. Witson has been appointed a director 
of Union Carbide, Ltd.. and becomes director and general 
manager, Alloys Division. 
Mr. H. Morey has been appointed a director of 
Samuel Fox & Co., Ltd., a subsidiary of The United Steel 
Cos., Ltd. Mr. Morley, who is general works manager 
of Samuel Fox, joined the company in 1934. He became 
manager of the wire department in 1948 and chief work 
study officer of United Steel in 1954, returning to Samuel 
Fox in 1957 as works manager (services). He was ap- 
pointed general works manager in 1958. 
Mr. F. A. Ross (secretary), Mr. W. G. A. JENKINS 
(personal assistant to the chairman) and Mr. J. Higein- 
BOTHAM (deputy general manager of the engineering 
department) have been appointed to the board of 
Edgar Allen & Co., Ltd. 


Mr. 'T. Haas has been appointed head of the design 
section of the newly-formed members’ service depart- 
ment of British Welding Research Association, Abington, 
Cambs. For the past six years, he has held the position 
of head of the fatigue department at the Bristol Aero- 
plane Co., Ltd. 

Ar a meeting of the board of The United Steel Cos., 
Ltd., last month, Mr. H. P. Forper and Mr. A. R. Hay 
were appointed directors of the company. Mr. Forder is 
director and general manager of the Samuel Fox & Co., 
Ltd., subsidiary of the company, and Mr. Hay is a 
director of Naylor, Benzon & Co., Ltd., who represent 
United Steels in the Newcastle area. 

Sir W. H. Battey & Co., Lrp., (Albion Works, Patri- 
croft, Manchester), announce that Mr. A. KirKHAM has 
resigned from the board of directors and joined the 
Foundries Division of David Brown (Industries), Ltd., 
Penistone. 

Iv is announced that ApMIRAL Str M. Denny, 
G.C.B., C.B.E., D.S.O., has been appointed a director of 
English Steel Corporation, Ltd. 

Tue Solartron Electronic Group, Ltd., have appointed 
Mr. A. CocKLe as reliability engineer. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Low -Filtration X-ray Tube 


IN response to a number of requests for a low-filtration 
X-ray tube suitable for use with their MG 150 unit. 
C,H. F. Meller, Hamburg. have developed a completely 
new dual-focus tube and shield, rated at 150 kV.. with 
a beryllium window. It is being marketed by Research 
and Control Instruments, Ltd., the sole distributors of 
Miiller equipment in the United Kingdom. The tube is 
intended to meet a long-standing need in the plastics, 
rubber and light alloy industries, where a very low 
filtration tube is required if the best results are to be 
obtained. It is claimed that, at the present time. this 


is the only 150 kV. tube with a filtration of 3mm. of 


beryllium available. The tube foci are 0-7 and 2-5 mm. 
and the maximum loadings on the MG 150 unit are 
600 W. for the small focus and 1.800 W. for the large 
focus : the emergent beam angle is 40°. The distance 
between X-ray port and focal spot has been kept as 
short as possible, and a minimum distance of 70 mm. 
can be obtained between focal spot and the sample 
(lower edge of mechanical snap lock). By removing four 
screws and taking off the snap lock and baseplate, the 
focal spot can be brought to a minimum distance of 
33 mm. from the sample (lower edge of the housing head) 

With the 2-5 mm. tube focus and the maximum output 
of 1.800 W.. the dose output ranges from 135.000 r. min. 
at 70 V. to 88.000 Tr. min. at 150 V. for a distance of 
77mm. focal spot: the corresponding outputs for a 
distance of 33 mm. focal spot are 640,000 and 420,000 
r. min. 

Research and Control Instruments, Ltd.. Instrument 

House, 207 King’s Cross Road, London, W'1. 


Digital Voltmeter 


IN many fields of science and technology there is a need 
for fool-proof monitoring of physical quantities converted 
into voltages electronically to four figures. Such 
accuracy of indication is not usually possible by con- 
ventional methods of long-standing, and the Solartron 
Type LM 902 digital voltmeter has been designed to meet 
this demand. Like the three-digit voltmeter, Type 
LM 901, it is a transistorised instrument of lightweight. 
robust construction. 

Dial readings over a range from zero to four figures are 
impossible to achieve, except by approximation by skilled 
operators on even the largest of dials or standard 
recording charts. Even then, when possible, mis-reading, 
parallax and statically or magnetically false readings are 
a frequent source of trouble. The LM 902 eliminates all 
the error factors of conventional meters, and presents the 
reading in inch-high, clear, unambiguous figures, which 
can be read from * across the room” in broad daylight 
by unskilled and semi-skilled personnel. The instrument 
is, therefore, of special value in such applications as 
production testing, the monitoring of dynamic process 
experiments, process control, and the permanent 
monitoring of system and instrumentation elements. 
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The figures are back-projected onto the front display 
as bright digits against a black (negative polarity) or red 
(positive polarity) background, or the measured voltage 
may be isolated or earth-referenced. There are five 
voltage ranges (0-0-1599 V. te O-1599 V.) the 
accuracy is better than 0-1°,. There is also a variable 
dead-zone control for stabilising the reading on fluctuating 


inputs and up to 40db. common mode rejection of 


DO c.p.s., at the input. The range switch has a “ Check 
Zero position and two Standardise positions for the 
checking of the reference supplies for positive or negative 
signals and standardising against a built-in Weston 
standard cell. 
The Solartron Electronic (iroup Ltd., Thames Ditton, 
Surrey. 


Level Controller 

THe Leveltron capacitance-operated level controller is 
designed to cover the majority of applications in industry 
for the control of free flowing solids and liquids, and for 
monitoring sight glass or manometer levels. A feature 
of the instrument is the continuously variable differential 
control, whereby site engineers can now choose from a 
wide differential range of 1-60 pf. by adjustment of two 
simple controls. The first sets the control point of the 
relay, and the second then varies the reset point without 
affecting the setting of the control point, and so fixes 
the differential as required. In this way it is possible 
to adjust the instrument to obtain the best conditions 
for each application, to make subsequent adjustments to 
meet changing plant requirements, and to use one such 
instrument where two of the fixed differential type 
would in many cases be necessary. 

It is claimed that improved circuit design and careful 
layout are directly responsible for the rigid stability 
with which the high sensitivity is maintained, not only 
over time, but also with complete consistency from one 
instrument to another. Measurement is possible up to 
160 vd. from the point of detection, and because the 
measuring unit is located in the main control box, and 
not in the electrode arrangement, there is no exposure 
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to vibration or to an injurious atmosphere, no loss of 


sensitivity with stability, and ease of access for mainten- 
ance. A reversible plug allows choice of direct or reverse 
acting mode of operation. 

There are three basic instruments—general purpose, 
heavy industrial, and remote control models—each 
offermg a choice of supply of 110, 240 or 440 V. ALC., 
and 40-60¢. s. special-duty is available 
for use with all types of powders and granular material 
even those of dielectric : it is also suitable for 
liquids of fairly high viscosity. Any deposit of material 
on. one side of the electrode has no effect on its operation. 

Thomas Industrial Automation, Ltd., Station Buildings, 

tltrincham, Cheshire. 
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Two New Magnesium Alloys 

ZTY alloy 

ZTY is a new magnesium-base wrought alloy developed 
by Magnesium Elektron, Ltd., for use at elevated 
temperature. It contains 0-75°, thorium, 0-5°,, zine 
and 0-6°., zirconium and is available as sheet, plate, 
extrusions and forgings. The properties of ZTY alloy 
are developed without the need for heat treatment, and 
the low thorium content ensures that the alloy will be 
economically attractive compared with other high 
temperature wrought alloys of higher thorium content. 

At room temperatures the 0-1°,, proof stress lies in 
the range 8-5-12-5 tons sq. in. ; ultimate tensile stress 
15-18 tons sq. in., and elongation 10-20°,. Elevated 
temperature tensile tests show that the room temperature 
proof stress is retained up to 160-170°C. and the 
Young’s modulus falls only slightly up to about 240° C. 
ZTY alloy possesses excellent short term creep charac- 
teristics up to about 350° C. 

As with all magnesium-base alloys, forming should be 
carried out hot—in the temperature range 350°-400° C., 
depending on the severity of the deformation required. 
ZY alloy is fully weldable by the argonare process, 
with filler wire of the same composition, and the weld 
efficiency of at least 85°, is retained at elevated tempera- 
tures. It may also be welded to the high temperature 
casting alloy (D.T.D. 5005). 

The corrosion, resistance of ZTY alloy is similar to that 
of the other zirconium-containing magnesium-base alloys 
and it possesses the same ease of machinability. 
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MSR alloy 

The latest addition to the M.E.L. range of casting 
alloys, MSR, is a fully heat treatable magnesium alloy 
based on the magnesium-rare earth metal-silver-zircon- 
ium system containing 2-5°,, silver, 2°, fractionated 
rare earth metals, and 0-6°, zirconium. This alloy was 
developed by J. Stone and Co., Ltd., and falls within the 
broad scope of British Patent No. 637,040 owned by 
Magnesium-Elektron, Ltd. : additional patent cover is 
being sought. 

The alloy is at present available in two composition 
ranges, A and B, characterised by minimum elongation 
values of 4°,, and 2°, respectively, the main variation 
being in rare earth metal content. ‘lest bars in MSR alloy 
show a 0-1°, proof stress of 10-13-5 tons sq. in.; an 
ultimate tensile stress of 15-5-18-5 tons sq.in.; and 
an elongation of 2-10°,,. 

In the temperature range 0-250° C., MSR alloy has 
the best 0-1°,, proof stress of all magnesium-base sand 
casting alloys, and shows better retention of Young’s 
modulus with temperature than is usual with magnesium 
alloys. MSR shows markedly better short time creep 
strength than any other magnesium casting alloy at 
200° C., and at 250°C., it remains the best alloy for 
times up to one hour and total strains of 0-5°,. The 
new alloy has good long time creep strength (equivalent 
to that of ZRE 1 alloy) at temperatures of the order of 
200°C. At 200° C. and 250° C. the fatigue endurance of 
MSR alloy for 50 « 10° cycles under rotating bending 
conditions, is higher than for any other magnesium 
casting alloy. 

The alloy is stable at room temperature, but slowly 
over-ages on holding at 200°C. After 350 hours at this 
temperature the 0-1°,, proof stress falls by about 20°,,, 
but the tensile strength is only slightly affected. Pro- 
longed testing has failed to reveal any tendency toward 
failure by stress corrosion. 

Pressure-tight and complex castings are readily made 
in MRS alloy, which is fully weldable by the inert gas 
tungsten are process. Anticipated uses include airframe 
castings requiring high strength at temperatures up to 
200° C.; missile castings requiring high strength up to 
higher temperatures but for shorter times ; and engine 
castings operating up to 250°C.: it may also prove 
useful for aircraft landing wheels. 

Further details on these alloys may be obtained from 
two booklets recently issued by : 

Magnesium Elektron, Ltd., Cliften Junction, Manchester. 


Gas Cutting Developments 


Lower production costs and higher output are predicted 
as a result of two advances in the field of oxy-fuel gas 
cutting. The first of these developments is a system for 
profile machines using propane—Cutomation—which 
is claimed to be cheaper to ruin, faster, and more efficient 
than existing methods. The second is a hand-cutting 
torch operating on low-pressure propane, which requires 
no trimming of the fuel or oxygen control valves. The 
designers of the torch claim that propane starts and 
cuts as fast as any other fuel gas. Of American design, 
this precision equipment is to be manufactured in this 
country by British Industrial Gases, Ltd. 

Cutomation increases cutting speeds by 30-50°,,, and 
reduces overall oxygen consumption by a fifth. A fast 
starting preheat flame reduces by 75°, once {'.> cut has 
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begun, with a consequent saving both in gas and time. 
No burning or rolling of the top edge of the cut occurs. 

The faster speeds are due to the fact that the cutting 
oxygen stream expands within the nozzle, whereas such 
expansion normally takes place as the oxygen leaves the 
torch. In the new nozzle, the oxygen flows at super- 
sonic speed and oxidises the metal in the form of a 
narrower kerf. This has the additional advantage that 
less metal is lost. Using propane as the fuel gas, a high 
quality cut is ensured, and less slag is formed at the 
bottom of the cut. 

To convert standard machines to the Cutomation 
system, a pre-set regulator is required to ensure that the 
maximum amount of propane is drawn from the cylinder. 
A three-hose injector type torch is also necessary, the 
supplies being used for the centre cutting orifice, the 
fuel gas and the preheat oxygen. The torch is fitted 
with a high speed nozzle, and an additional regulator 
ensures that the fuel gas supply varies automatically 
according to the preheat oxygen pressure. 

The hand torch is a standard torch for all fuel gases, 


different models in the range varying only in respect of 


the injector fitted. Qne such model (62-2) is designed 
for optimum results using low, medium or high pressure 
acetylene as fuel gas, while a second (62-2F) is for use 
with propane, butane and Pyrogas. Model 62-2N is for 
use with coal gas. Using propane, the 62-2F torch will 
draw up almost the whole of the evlinder contents. The 
nozzle emploved makes possible faster starting and 
cutting, while up to 70°,, of fuel gas cost is saved. 

An important advantage is that, when the correct 
propane setting on the regulator is used, there is no need 
to trim either the fuel or oxygen valves. This saves the 
operator time in adjusting valves, and eases ignition of 
the blowpipe when working outdoors. The torch also 
makes possible all forms of gouging with faster speeds 
than are obtainable with dissolved acetylene. 

British Industrial Gases, Ltd., recently introduced to 
this country the gaugeless multi-stage regulator which, 
like Cutomation and the new hand torch, is manufactured 
by agreement with the Harris Calorific Company of 
Ohio. The equipment can be exported to all countries 
except Australia, South Africa and Canada. 

British Industrial Gases, Ltd., 700° Great Cambridge 

Road, Enfield, Middlesex. 


High Accuracy Temperature Controller 


THe Winston-United Steel temperature controller 
Type M.226 is the outcome of co-operation between the 
laboratories of United Steel Cos., Ltd., and Winston 
Electronics, Ltd., in tackling the problem of the critical 
temperature control of furnaces used in creep testing 
alloy steels. It is claimed that this is the only com- 
mercially available instrument capable of controlling to 
such close limits as + 0-25° C. at 1,000° C., or above, for 
months on end. Fifty-six prototype instruments have 
been in continuous use for three years, with a total down- 
time for maintenance of three hours. 

A platinum resistance thermometer is formed with 
an A.C. powered Wheatstone bridge, the preset arm of 
which consists of a 1,000 ohm. potentiometer graded in 
4,000 steps, each being 0-25°C. The out-of-balance 
voltage from the bridge is amplified by a two-stage 
amplifier giving a gain of approximately 2,000. The 
degree of out-of-balance is displayed by a“ magic eye ” 
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CONTROLLER 


indicator having two degrees of sensitivity The 
amplified output is also fed to a phase sensitive bridge 
which gives a positive or negative output according to 
whether the furnace temperature is lower or higher 
than the correct setting. This output is amplified 
10 times by the D.C. amplifier and then applied to one 
section of the relay controlling the furnace relay. A time- 
interval generator provides switching cycles of normally 
30 seconds to the other section of the relay control, which 
is so connected that the first section conducts, thus 
energising the relay oaly when the control signal from the 
thermometer is more positive than the signal from the 
time interval generator. When the furnace is at the 
correct temperature, the relay is energised for one halt 
of the time cycle. The switching of the furnace relay is 
used to alter the furnace current between two values 
chosen to match the furnace characteristics. The fact 
that the furnace switching relay has no other function to 
perform avoids the critical adjustments of a normally 
troublesome component. 
Winston Electronics, Ltd., Shepperton, Middlesex, 


Duplex Plating Process 


A NEW addition to the range of metal finishing interests 
held by Albright & Wilson (Mfg.), Ltd., is a duplex 
plating process that should be of considerable value to 
the automobile and allied industries. Last year the 
company introduced the Plusbrite process, which rapidly 
established itself as a bright nickel plating process that 
gave a fully bright deposit with better physical properties 
of plate than had hitherto been available. The new 
process is a logical development of the original Plusbrite 
process, and is designed to give maximum. corrosion 
resistance together with a fully-bright plate, for such 
applications as motor car trim and similar automobile 
accessories. 

A new additive is used, Plusbrite S.F., a sulphur-free 
addition agent which when added to the plating bath 
produces an electrolyte capable of giving a semi-bright 
deposit of high ductility and low internal tensile stress 
with excellent levelling properties: the deposit has a 
columnar structure. The standard Plusbrite solution is 
then used to produce a fully-bright finish. As the second 


deposit is lamellar in structure, a very high standard of 


corrosion resistance is attained by the duplex process. A 
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similar duplex process has been marketed in the U.S. 
since the early months of this year. 

Plusbrite S.F. is very stable, and operating costs can 
be kept to a minimum during processing, as there is no 
loss by filtration through carbon. 

Metal Finishing Department, Albright & Wilson (Mfq.), 

Lid., 1, Knightsbridge Green, London, S.W.1. 


Portable Contamination Monitor 


E.M.1. ELecrronics, Lrp., has produced a new compact 
all-transistor monitor for detecting radioactive contami- 
nation. Known as the E.M.1. Portable Contamination 
Monitor Type 1, the instrument employs the company’s 
dual phosphor technique, and can be used for monitoring 
radioactive contamination on benches, clothing, and 
similar objects.  All-transistor circuitry enables the 
instrument to be operated for long periods from a battery 
supply. 

The dual phosphor technique enables both alpha and 
beta contamination to be monitored simultaneously. 
Separate distinctive tones are provided for alpha and 
beta, either on headphones worn by the operator, or 
on a built-in loudspeaker. The new monitor provides 
high accuracy over a wide temperature range (O-45° C.), 
and by using a single switch it is possible to monitor the 
sum of alpha and beta contamination, beta contamination 
alone, or just alpha contamination. This information, in 
the form of counts per second, is displayed on a meter 


covering the range 0-5,000. high-pitched tone 
indicates alpha contamination and a low tone beta. Both 


notes are heard when alpha and beta are monitored. 
When the type of contamination has been identified, an 
accurate check can be made on either the alpha or beta 
positions. For monitoring very low alpha activities an 
electro-mechanical register is included to give a more 
accurate display at rates below about 6 per second. 


E.M.1. Electronics, Ltd., Hayes, Middlesex. 


Polarographic Instruments 


THREE polarographic instruments designed at Professor 
Heyrovsky’s Polarographic Research Institute in Prague, 
which are exported by KOVO, the Czechoslovakian 
state import export organisation for the Scientific 
Instrument Industry and are already widely used in 
Eastern Europe, are now sold and serviced in the U.K. 
by the sole agents, Nash & Thompson, Ltd. 

The P.576 polaroscope is oscilloscope 
specially adapted to polarographic analysis. The method 
is based on the principle of an electrode system through 
which is allowed to pass an A.C. of 50s. from a 300 V. 
power supply of high internal resistance : the polarisable 
electrode is charged during one cycle of the A.C. within 
a potential range from 0 to — 2 V., and then back again 
from 2 V. to 0 (depending on solution composition). 
The electrode process is shown on the C.R. tube, where 
the course of the potential derivation with regard to time 
(vertical direction) is shown depending on the electrode 
potential (horizontal direction). 

The results can be observed immediately after ad- 
justing a suitable intensity of the A.C. current, the D.C. 
component and setting the required size, brightness and 
sharpness of the picture. The oscillogram shown on the 
C.R. tube is oval in shape for a pure basic electrolyte, the 


upper half representing the cathodic, and the lower half 


the anodic process. Following the introduction of a 


depolariser into the electrolyte, the curve shows incisions 
in both anodic and cathodic parts. The depth of the 
incision is proportional to concentration, and its position 
is characteristic of the depolariser. The mutual position 
of the cathodic and anodic incisions is a measure of the 
reversibility of the electrode process. If they are situated 
at the same potential, the process is reversible; if 
displaced horizontally, or if one of them is absent, the 
process is irreversible. 

The instrument is suitable for analysis in the range 
10° M. to 5 « 10°M. Concentrations down to M. 
can be reached by electrolytic concentration (turning the 
* Micro ” switch on the instrument) or by a hanging drop 
method. Comparative titrations can be performed by 
using twin electrode systems and observing two oscillo- 
grams displaced horizontally. Titrant is added until 
the depth of incisions coincide. Isomers and compounds 
of similar structure can be very easily examined and 
identified. 

The KOVO LP.54 manual polarograph is an elegantly 
stvled conventional D.C. polarograph with one unusual 
feature which makes it semi-automatic. A recorder is 
built into the instrument, and light reflected from the 
galvanometer shines on the nearly transparent paper 
from behind. The knob which increases the voltage 
across the electrolyte cell also advances the recorder 
paper; one can thus plot the polarogram directly on to 
the paper. 

The KOVO LP.55A polarograph is a photographic 
recording instrument of a type not manufactured in the 
U.K. A sensitivity of 0-lyA. full scale deflection is 
obtained by suspending its galvanometer on a cantilever 
3 ft. above the instrument. Operation is motorised and 
fully automatic, once the voltage range that it is re- 
quired to scan has been set on the instrument. Auto- 
matic recording of abscissae after every 100 or 200 mV. 
is performed, so that the photographic record can be 
easily evaluated. 

Nash & Thompson, Ltd., Hook Rise, Tolworth, Surbiton, 

Surrey. 
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CURRENT LITERATURE 


Book Notices 


NON-FERROUS METALS 
Statistics 1958—Trenp 1959 

125 pp., numerous illustrations and tables. Published by the 

Organisation for European Economic Co-operation and avail 

able from H.M. Stationery Office. 10s. 

A SPECIAL supplement prepared by the O.E.E.C. Non- 
Ferrous Metals Committee at the end of October, and 
dealing with market developments during the first nine 
months of 1959 and the prospects for the non-ferrous 
metals industries in the near future, brings up to date che 
committee's annual statistical report, which covers, in 
general, statistics for 1958 and trends for 1959. 

As in previous years, the main body of the report 
consists of detailed statistical information for the 
O.E.E.C. countries as a whole, and for each individual 
member country; it covers production, consumption, 
trade and uses at the first processing stage for aluminium, 
copper, lead, zine, tin and nickel. Information on uses 


at the first processing stage is provided over a period of 


five years, and is of special interest to producers of semi- 
finished products and castings. ‘lhe statistical tables 
are prefaced by observations on the trend of the market 
for each metal during the period covered. Graphs of the 
trade pattern of aluminium, zinc and tin show the 
development of imports from Eastern countries. 

A new series of statistics gives figures for aluminium 
end-uses in Europe during 1958. ‘Thus, for the first time, 
the report provides a break-down, on a comparable basis, 
of the flow of processed aluminium to consumer industries 
such as vehicle production, mechanical and electrica! 
engineering and packaging. 


GLOSSARY OF FOUNDRY AND METALLURGICAL 
TERMS 
ENGLISH-FRENCH, FRENCH-ENGLISH 

28 pp.. 44 » Sdin., paper covers. Published by The British 

Cast Tron Research Association, Alvechurch, Birmingham. 

7s. 6d.or $1-10. 
Tuts little glossary, based on the experience of the 
B.C.1.R.A. Information Department for a number of 
years, aims to supply foundrymen and metallurgists with 
English equivalents of French terms commonly used in 
the literature of ironfounding and ferrous metallurgy. 
It is, in fact, a working vocabulary and the terms 
included have been carefully examined in relation to 
their original context. 


Trade Publications 


THE efficient treatment of quenching oil has for a long 
time been a problem in the heat treatment of metals. 
Circulation of the oil through a suitable cooler keeps the 
temperature down, thus reducing the tendency to form 
vapour bubbles, with consequent loss of quenching 
efficiency, and reduces the liability to excessive oxidation. 
The problem of cooling quenching oil is discussed in a 
new brochure, No. 591, issued recently by The Visco 
Engineering Co., Ltd., which features the Visco Spray- 
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blast cooler, the first oil cooler to use a mixture of air and 
water as the cooling medium, instead of air only or water 
only, as had been the previous practice. The system 
incorporates the advantages of both, without their 
disadvantages. These coolers can, of course, also be used 
for cooling transformer oil, ete. 


WE have received from Crofts (Engineers), Ltd., Brad- 
ford, a copy of Publication No. 5938, entitled “ Steel 
Castings.” The available facilities enable the production 
of castings varying from a few ounces to 7 tons, and 
repetition work is a speciality. Large up-to-date 
machine shops are capable of machining the most com- 
plex casting to precision limits. The brochure features 
illustrations of some of the large castings in the range 
made by the company. 


SINCE the announcement of the cessation of publication 
of The Craven Machine Tool Gazette at the end of last 
year, and its replacement by another house journal 
evidence of its popular appeal to machine tool users all 
over the world has led to a reconsideration of the decision 
The new form of the journal will be less voluminous than 
formerly, but it is hoped to issue a new number about 
every two months, instead of three or four times a year 
The first’ issue—September-October —1959—features 
copying equipment, in one case as applied to a 36 in. 
centres sliding, surfacing and screwcutting lathe, and in 
the other to a 16 ft. diameter vertical boring and turning 
mill. 


FLExIBox Lrp., have produced a new comprehensive 
mechanical seal catalogue in which is described the full 
range of Flexibox balanced and unbalanced mechanical 
gland seals for all types of rotary shaft equipment 
pumps, mixers, agitators, compressors, ete. This 
catalogue has been primarily designed to provide mecha- 
nical seal users with a rapid means of selecting the correct 
type and size of seal for any given application. Copies 
of the new catalogue are obtainable from Public Rela- 
tions Department, Flexibox, Ltd., Nash Road, Trafford 
Park, Manchester, 17. 


THE September October issue of The Nickel Bulletin 
contains more than a hundred abstracts of technical 
literature pertaining to nickel nickel-containing 
materials. The diversity of the subjects covered pro- 
vides an apt illustration of the wide range of industries 
and applications in which nickel plays a major réle. In 
the section concerned with heat- and corrosion-resisting 
materials, particular attention may be called to a group 
of abstracts covering literature on the joining of austeni- 
tic to ferritic steels. The range of the other items may be 
indicated by mention of some of the fields concerned : 
methods of hardening nickel-base alloys ; the relation- 
ship between stabilising additions and creep-resistance ; 
factors influencing, and evaluation of high-temperature 
properties ; use of austenitic steels in power plants 

properties and applications of corrosion-resisting steels 
and alloys. Abstracts of papers reporting investigation 
of the properties and fabrication of ultra-high-strength 
constructional steels exemplify the growing interest 
which these materials are arousing in connection with 
aeronautical applications, while an item of considerable 
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interest in the section on cast irons refers to a comprehen- 
sive evaluation of the suitability of alloy irons for use in 
crushing and grinding plant. Nickel and its compounds 
are represented in references to papers on extraction, 
properties and analysis. Literature abstracted in the 
other sections of the issue ranges in subject matter from 
the properties of non-ferrous alloys and permanent- 
magnet materials to the operation of nickel-plating 
solutions and the influence of plating variables on the 
coatings obtained. The issue also contains the usual 
quarterly review of recent patent literature. 


A 25-paGe illustrated book on marine paints and 
finishes has been published by Jenson and Nicholson, 
Ltd., paint and varnish manufacturers, of Stratford, 
London. It is intended as a quick reference to all types 
of marine finishes and their application. It is the 
purpose of this book to help the ship-owner by presenting 


a brief summary of the problems that affect him and of 


the best answers to them. Subject matter includes a 
systematic review of the paint needs of the different 
parts of a ship: corrosion, fouling and weathering ; 
liquid envelope—a new protective covering ; and types 
of marine paint. 

Some useful notes on “ Suggested Applications of Rocol 
Molybdenised Lubricants for Machine Tools” have 
been produced by Rocol, Ltd., Rocol House, Swillington, 


Leeds, and General Buildings, Aldwych, London, 
W.C.2. ‘The general applications of Rocol molybdenised 


lubricants to beds and_ slides. lead control 
valves, charge wheels and open gears and thrust washers 
are indicated. More specific recommendations are made 
for a number of machines—grinding. boring (including 
jig borers), planing, radial drilling, shaping, milling, 
lathes and gear cutting, involving the wide range of 
Rocol molybdenised lubricants, which provides the 
means by which the useful life of machine tools and 
components can be increased and precision maintained. 
tecommendations by some machine tool makers for the 
use of Rocol products in their designs are indicated. 


SCTEWS, 


THE latest edition of Wiggin Nickel Alloys features uses 
of Wiggin products ranging from an advanced electrical 
furnace to sea water evaporators. The aircraft industry 
is featured in articles on the Conway-powered Boeing 707 
and the power behind the Thor, Jupiter and Atlas rockets. 
A further notable contribution is an article on the use 
of the Brightray series of nickel-chromium electrical 
resistance materials in pre-heating for welding and 
stress-relieving of large vessels. Wiggin Nickel Alloys is 
obtainable free on request from Henry Wiggin and Co.. 


Ltd 


ALTHOUGH Magnesium is being used today in a very 
wide range of industries, its full potential is unexploited, 
and one of the principal aims of the Magnesium Industry 
Council is to help people to get to know more about the 
metal; to tell them where it can be used to advantage : 
and to show them how to use it in the most economical 
way. ‘Lhe reception accorded a 28-page publication 
This is Magnesium last vear has encouraged the Council 
to decide to publish further information from time to 
time under the same title. The first issue in this new 
form gives details in support of the claim that magnesium 
is the world’s fastest machining metal. and show. with 
illustrations, a number of typical applications. Copies 
may be obtained from the Council at Dickens House. 
15 ‘Took’s Court, London, E.C.4. 
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THe third issue of Die Casting News, published by the 
Zine Alloy Die Casters Association, is an eight-page 
bulletin containing information, with photographs, on 
contemporary applications of zine alloy die castings. 
The parts have been chosen to illustrate particular 
advantages of die casting in zine alloy, such as the ability 
to produce complex shapes in one fast operation, the 
elimination of laborious time-consuming machining, and 
the ease with which fastening devices, bearings, and so 
on, can be cast in place. In addition to these functional 
assets, the fine smooth surface of zine die castings enables 
highly decorative and durable finishes—enamel or 
chromium—to be easily applied, and examples in this 
issue include a shaver head, medical lamps and a T.V. 
set bezel. Copies are available from the Zine Develop- 
ment Association, 34 Berkeley Square, London, W.1. 
‘THe advantages of cold rolled sections for metal fabrica- 
tion work in a wide variety of industries and the produc- 
tion facilities available at the company’s modern plant 
are described in a new illustrated brochure issued by 
Warwick Rim & Sectioning Co., Ltd., Gold Green, West 
Bromwich, Staffs. The brochure shows how complex 
shapes can be produced to very close limits, enabling the 
designer to avoid using separate components by incor- 
porating them in one section. It also shows how com- 
posite sections, using dissimilar materials, can be pro- 
duced. Various applications of the process are illustrated 
and details are given of ancillary services which are 
available. 


Books Received 


‘* Handbook of Practical Electroplating.” 
todgers. 333 pp. New York and London, 1959. 
Macmillan Company. 59s. 6d. 

* High Temperature Materials.” Edited by R. F. 
Hehemann and G. Mervin Ault. Based on a Conference 
held in Cleveland, Ohio in April 1957, and sponsored by 
the High Temperature Alloys Committee, Institute of 
Metals Division, The Metallurgical Society, American 
Institute of Mining. Metallurgical and Petroleum 
Engineers. 544 pp. ine. index. New York and London, 
1959. John Wiley & Sons, Inc., and Chapman & Hall, 
Ltd. 140s. net. 

“The Physical Metallurgy of Rolling,” 
Scott. 94 pp. ine. index. Devon, 1959. 
Stockwell, Ltd. 10s. 6d. net. 


By T. M. 
The 


by Dr. F. H. 
Arthur H. 


“Corrosion of Chemica! Apparatus—Corrosion 
Cracking and Methods of Protection Against It.” By 


(. L. Shvartz and M. M. Kristal. Translated from 
fussian. 250 pp. New York and London, 1959. Con- 


sultants Bureau, Inc., and Chapman & Hall, Ltd. 60s. 
net. 

“Crystal Growth.” Discussions of the Faraday 
Society, No. 5. 1949. 366 pp. inc. author index. London, 
1959. Reprinted by Butterworth’s Scientific Publica- 
tions. 60s. By post 2s. 04. extra, 

* Physico-Chemical Measurements at High Tempera- 


tures.” Edited by J. OM. Bockris, J. L. White and 
J. D. Mackenzie. 394 pp. ine. author and subject 
indexes. London, 1959. Butterworth’s Scientific Publi- 


cations. 75s. By post 2s. 3d. extra. The American 
edition of this book is published by Academic Press, 
Ine., New York, at $13.50. 
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Heat Treatment 


in salt bath furnaces, as in greenhouses, 
brings i:s rewards. The ‘Cassel’ Heat Treat- 
ment Service offers you the benefits of its 
experience in carburising, heat treatment, 
tempering, martempering and austempering. 


Write to: 
imperial Chemical Industries Limited 
London, $.W.1. 
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Silicon Carbide 
Electric Furnace 
Heating Elements 


by CARBORUNDUM 


TRADE MARK 


The new DELTA heating element, used by leading furnace 
builders throughout the country, facilitates exceptionally accurate 
temperature control, to a maximum of 1550 C. It also offers 
outstanding economic advantages. It will give you 


* Easier Installation 

* Cleaner Operation 

* Cheaper, Easter Mairtenance 
* Increased Efficiency 

* Longer Service 

* Greater Safety 


These are the results of more than a quarter-century’s unmatched 
experience. We shall be glad to hear from furnace builders and 
furnace users who would like full technical details of GLOBAR 
DELTA elements. 


A GREAT RANGE OF SIZES IS AVAILABLE 


THE BRITISH RESISTOR LTD. 


TRAFFORD PARK, MANCHESTER 17 - TRAFFORD PARK 2381 
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LABORATORY METHODS 


PHYSICAL 
INSTRUMENTS AND MATERIALS 


The Determination of Sulphur in Cast Iron 


METALLOGRAPHIC 


Vol. LX, No. 3! 


A Study of the Combustion Method with an Assessment 


of the Value of Vanadium Pentoxide as Flux 
By H. Green 


In the determination of sulphur in cast tron by the combustion method, recovery of this 


tlement is not stoichiometric. 


In this paper the author discusses the results of an 


investigation into the possible sources of loss and the effect of using fluxes, in particular 


vanadium pentoxide. 


He concludes that to obtain anything approaching stoichiometric 


recovery it is necessary to find some means of retaining the sulphur trioxide formed and to 
complete the determination by an alkali titration. 


N determining the sulphur content of cast iron 
samples by combustion, a number of variations in 
the conditions used are made by individua} analysts, 
but the basic procedure remains the same. A suitable 
sample weight is ignited in a controlled stream of oxygen 
and at a controlled temperature. Oxides of iron, etc., are 
filtered out of the gas stream by means of refractory, 
asbestos or cotton wool plugs. The gas issuing from the 
end of the combustion tube then consists of a mixture of 
the excess oxygen, carbon dioxide, sulphur dioxide and 
sulphur trioxide. This mixture of gases is passed through 
a suitable absorbent and the solution titrated with 
a standard solution such as iodine, borate or hyd- 
roxide. By ignition of standard cast irons of known 
sulphur content a recovery factor’ is obtained this 
is then used to calculate the percentage of sulphur in the 
samples. The determination and use of a recovery 
factor is necessary because the recovery of sulphur is not 
stoichiometric; it is usually in the region of 85-£0°,, 
Possible Sources of Error 

An assessment of the individual sources of error in the 
combustion method for the determination of sulphur in 
steel was published by Smith, Backhouse and Woodward.! 
Using a furnace temperature of 1.2007 C. and an oxygen 
flow of 3 litres min., they gave the following figures : 


Sulphur as SO, absorbed with SO,.. .. 3% 
Sulphur as SO, escaping absorption 
Sulphur as SO, condensed in apparatus . : 4° 
Sulphur retained in residue i 6% 

100°, 


In the case of cast iron, in general 85-90°,, of the 
sulphur appears to be evolved as the dioxide when the 
determination is finished by titration with iodine and 
thiosulphate. If the finish is by titration with alkali, the 
recovery of sulphur appears to be just a little better. 


Condensation in the Apparatus 
To reduce condensation of sulphur trioxide to a 
minimum, it would seem advisable to reduce the distance 
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between the end of the combustion tube and the absor- 
bent as far as possible. This, in practice, is what is 
normally done. So to test this it decided to 
increase the distance from combustion tube to absorbent 
by inserting 10 ft. of tubing. It was found that the 
recovery of sulphur as the dioxide remained constant. 
The only noticeable point was the complete absence of 
the usual white fumes when using the longer train. It 
appeared, therefore, that any condensation taking place 
did so very soon after the gases left the hot zone of the 
furnace, and no further conversion of sulphur dioxide to 
sulphur trioxide would appear to take place when the 
gases pass out of the furnace. It was felt that, since the 
gases are normally “ filtered by some type of porous 
plug. on which oxides of iron generally collect in 
greater or lesser quantities, absorption or adsorption 
might be taking place there 

Experiments were carried out where the sample was 
given a pre-heat period in the hot zone of the furnace 
before passing the oxygen. In this way the incidence of 
iron oxide was reduced to a minimum and the filter could 
be dispensed with under these circumstances. The vield 
of sulphur was not improved to any noticeable extent 

Sulphur Retained in the Residu 

There is claimed to be evidence that some sulphur is 
retaimed in the residue after the combustion has been 
carried out. ‘This seems to be based mainly on the fact 
that higher yields of sulphur are obtained by the use of 
higher combustion temperatures. It does not follow, 
however, that the better yield of sulphur is due to re- 
covery from the residue. ‘The reaction for the oxidation 
of sulphur dioxide to sulphur trioxide is exothermic 
approximately 32,000 calories being liberated for each 
gram molecule of the sulphur oxidised from the dioxide 
to the trioxide. It follows from this that, if the tempera- 
ture were raised sufficiently, the concentration of sulphur 
trioxide might be reduced to a level such that it could be 
ignored. ‘Lhe major difficulty associated with using such 
a procedure lies in the fact that the gases would need to be 
cooled again before being absorbed, and this would make 
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TABLE I-EXPERIMENTAL RESULTS 
Suly (onte Oxrgen Flow Temperature litration S Lecovered as 

SO), 

(litres min.) (mil. (%) 

1350 72:1 

1350 72-1 

2 1.350 

2 Lome 

2 76-2 

1,150 | 

1,150 82-9 

11-55 76-5 

11°35 

64-5 

2 

oll 

2 9-6" 610 

1 
Blank 1350 
2 
1150 


Son a samyele 


1 mil. of titrant 
possible the reverse reaction. To minimise the extent to 
which this occurred, very rapid cooling, combined with 
rapid transfer of the gases from combustion tube to 
absorbent, would be necessary. 

This, in turn, would introduce another possible error. 
Rapid gas flow might carry some of the sulphur dioxide 
through the absorbent and permit its escape into the 
atmosphere—even when a sintered bubbler was used to 
break the gas stream. It is also of importance to bear in 
mind that ferric oxide, at temperatures exceeding 600° C., 
catalyses the reaction of sulphur dioxide and oxygen.* 
If such iron oxides were swept along the tube and 
deposited on the walls, the surface area exposed could 
have a not inconsiderable catalytic effect. The other 
point to note is that the greater oxygen flow would have a 
cooling effect which would in turn call for higher furnace 
temperatures, 


Sulphur Trioxide Escaping Absorption 


It is frequently stated that the reason for low sulphur 
yields, even using an alkali titration, is the fact that a 
part of the sulphur trioxide, which it would appear is 
formed, is in a condition where it passes through the 
absorbent and escapes into the atmosphere. The white 
fumes seen with most samples are reputed to consist of a 
mixture of sulphur trioxide and water vapour. It is 
interesting to note that two samples of the same iron, 
ignited consecutively without variation in any of the 
experimental conditions, not infrequently give vastly 
different quantities of white fumes ; while the recovered 
amount of sulphur is the same. Further than this, 
white fumes are obtained with samples containing very 
low percentages of sulphur, and on occasion malleable 
irons with sulphur contents above 0-2°,, give practically 
none, all other conditions being constant. It would seem 
from this that, despite rigidly controlled conditions, the 
physical condition of any sulphur trioxide which is formed 
is not always the same. 


A consideration of the foregoing can now be made. 


(1) No method has yet been reported which claims 
to obtain all the sulphur from a sample of cast iron as 
sulphur dioxide when the sample is burnt in a stream of 
oxygen. This is due to the fact that optimum con- 
ditions for the variables of the method react against 
one another. It is considered that, of the methods in 
general use, only an alkali titration could hope to 
show anything approaching 100°, recovery of sulphur. 
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(2) Because of the risk of absorption, adsorption or 
catalysis by ferric oxide, it is advisable to eliminate this 
as far as possible (see ** Use of Fluxes’). When this 
has been achieved it is then possible to dispense with 
the filter plug, which will eliminate the build-up of 
pressure in the combustion tube and allow conditions 
to be standardised. 

(3) The evidence is contradictory as to whether any 
of the sulphur present in the sample could remain 
behind in the residue at the temperature attained 
during combustion. There is reason, therefore, to 
take such an obvious precaution as raising the tem- 
perature of the furnace to, say, 1,500° C., particularly 
as this may help to keep the concentration of sulphur 
trioxide to a minimum. 

(4) The rate of oxygen flow has never appeared to 
be a very critical factor in the influence it exerts on the 
sulphur recovery. Rates of flow between 250 and 
3,000 ml. min. have been recommended by various 
workers on various grounds. Experience has shown 
that the rate of flow, providing it falls between these 
limits, is not so important as that it shall remain as 
constant as possible. An oxygen flow of 750 ml. min. 
is at present in use in the laboratories of the B.C.I.R.A.., 
but flow rates from 750 ml. min. to 1,500 ml. min. are 
reasonable to keep the cooling effect as low as possible. 

(5) All operators of combustion sulphur methods 
agree that the distance between the end of the com- 
bustion tube and the absorbent should be kept to a 
minimum. It is advisable to adhere to this practice, 
although no loss of sulphur dioxide appears to result 
from the use of a longer train between combustion 
tube and absorbent. ‘The use of a sintered bubbler to 
vive maximum surface area of contact between the 
issuing gases and the absorbent is obviously ad- 
vantageous. 

(6) It has always been a question as to whether 
samples should be fluxed or not. This problem is so 
closely related to the question of preheat period and 
reduction of the formation of iron oxides that it was 
considered necessary to carry out experiments to 
determine the place that fluxing takes in the problem 
as a whole. 

Use of Fluxes 


Reduction of the amount of iron oxide carried along 
in the gas stream was felt to be the first step to improving 
the combustion sulphur method. This would mean that 
it would be possible to dispense with the filter plug. 
Despite the fact that some operators claim that a two or 
three minute preheat period makes it possible to ignite 
samples of cast iron without iron oxide carry-over, 
complete success was not achieved. A_ considerable 
improvement was noticed, but small quantities of oxide 
began to appear at the sides of the tube and in the ab- 
sorbent after only a small number of tests. Prolonging 
the preheat time did not have any effect. It was decided, 
therefore, to try a number of fluxes and compare their 
action. At the same time it was thought that it would be 
interesting to compare the action of (a) fluxes which 
contain no available oxygen: (b) reagents containing 
oxygen but which do not melt at the temperature used ; 
and (c) fluxes which contain available oxygen. 

In the first group—fluxes containing no available 
oxygen—are the metals with low melting points, such as 
tin and lead. Experiments soon showed that these were 
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not going to prove helpful. The yield of sulphur was in 
general lower than before, iron oxide was still not com- 
pletely eliminated, even after three minutes preheat, and 
the tube was rapidly covered with slag at the point 
directly above the combustion boat. Further than this, 
it was necessary to have a by-pass for the oxygen, or to 
isolate the combustion tube and absorbing vessels from 
one another, otherwise the partial vacuum created in the 
tube during the preheat caused the absorbent to suck 
back violently. 

In the case of the reagents which do not flux at the 
temperature of combustion, such as manganese dioxide 
or calcium oxide, the result was that iron oxide mixed 
with some of the reagent was carried along the gas stream. 
The use of such chemicals had to be abandoned. 

Considerably more success was achieved with reagents 
which contain oxygen and also flux. A number of such 
chemicals were tested, including lead dioxide, lead 
monoxide and vanadium pentoxide. The best results 
were obtained with the vanadium pentoxide and are 
quoted here for the useful information which they give. 
In a test series, using a temperature of 1,300° C. and a 
| g. sample of cast iron, amounts of vanadium pentoxide 
in 0-5 g. increments from 0-5-3-5g. were used with 
preheat periods from 0-5-10-0 minutes in the hot zone 
before passing the oxygen at 750ml. min. It soon 
became apparent that 3 minutes preheat was the mini- 
mum period necessary to avoid carry-over of iron oxide 
or powdered vanadium pentoxide. Also that one could 
preheat indefinitely and still get iron oxide unless the 
amount of vanadium pentoxide exceeded 2g. From 
2-5g. upwards no trouble was experienced with three 
or more minutes preheat. It appears that the sample 
must be partially pre-oxidised in the furnace by the 
vanadium pentoxide. Assuming the sample of cast iron 
contained 4°,, carbon, 2°,, silicon and 94°,, iron, it was 
calculated that 0-54 g. of oxygen was required for com- 
plete oxidation to CO,, SiO, and Fe,O,. 

In the decomposition of vanadium pentoxide, 182 g. 
provide 32g. of oxygen. Thus 0-54 g. of oxygen is 
obtained from just over 3 g. of pentoxide. Allowing for 
the oxygen already in the tube, it would appear that 
about the theoretically required amount for complete 
oxidation of | g. of cast iron would be present. It was 
hoped that this would mean that the sulphur would be 
converted mainly to the dioxide, and that this could 
be swept into the absorbent in the usual way. 

It was immediately apparent that this was not the 
case, when a few samples were ignited and titrated. It 
has been stated that vanadium pentoxide can be used 
as a catalyst in the conversion of sulphur dioxide to 
sulphur trioxide, and this may have been causing the 
trouble. Certainly when a series of standard samples, 
fluxed with 3g. of vanadium pentoxide, was given pre- 


PABLE ILf.--SUMMARY OF THE ANALYSIS OF VARIANCE TABLE 


Sum of Devrees of Meat 
source of Variation Squares Freedom Square 
Between S levels 288-15 
Between 7 levels 385-14 1 385-14 
Between levels 20-45 20-4 
s T interaction 33°35 ! 
S x F interaction 17-43 ! 17-45 
fotal between groups 781-04 
Experimental error 106-45 
Total variation SO 
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heat periods of three to fifteen minutes, a progressively 
lower vield of sulphur as the dioxide was obtained 

Another series of samples treated as above, but with 
0° 25g. of calcium hydroxide added to the 3 g. of pent- 
oxide, only served to show that the presence of moisture 
(derived from the calcium hydroxide) gave very low 
vields indeed of sulphur dioxide. This was to be expected 
since it is well known that the presence of water vapour 
will catalyse the oxidation of sulphur dioxide to sulphur 
trioxide. It emphasises the need for using dry oxygen 
and dry vanadium pentoxide in all combustion sulphur 
determinations. The vanadium pentoxide should be 
dried for two or three hours at 110°) C., and the oxygen 
dried by passing it through a prolong tube containing 
anhydrous magnesium perchiorate. 

At this stage it was decided that, using 3 yg. of vana- 
dium pentoxide as flux, dried as above, a series of tests 
should be carried out and a statistical analysis made of the 
results obtained. In this series two furnace temperatures 
were used, 1,150° C. and 1,350° C.; two oxygen flow rates 
of 1,000 ml. min. and 2,000 ml. min., and two British 
Chemical Standards containing 0-113°,, and 0-259°,, 
sulphur. Blank determinations were carried out on the 
pentoxide at both temperatures and oxygen flow rates. 
In each case the absorbent contained excess iodine : the 
amount of iodine used was determined by back titration 
with thiosulphate using starch as indicator. 

The results obtained (Table I) were studied by the 
technique of analysis of variance (Tables [1 and III). 

From these results, applying a statistical test, it can be 
found that only the sulphur content variations and 
temperature variations caused a significant change m 
efficiency. This does not mean that the other factors 
have no effect, only that they are too small to be detected 
by these experiments. 

One or two other points arise from these experiments. 
It becomes obvious that at higher temperatures more 
sulphur trioxide is formed ; this may be caused by the 
catalytic action of the vanadium pentoxide. The lower 
the percentage of sulphur present, the more this becomes 
obvious, as the proportion of trioxide is greater. The 
overall yield of sulphur as the dioxide is quite considerably 
lower using vanadium pentoxide as flux. The propor- 
tional yield of sulphur as dioxide is roughly constant for 
the two rates of flow of oxygen: this is to be expected, 
since the samples are preheated for three minutes with a 
fairly constant volume of available oxygen in a confined 


space. 


Conclusions on Use of Vanadium Pentoxide as Flux 
Despite variation of temperature and oxygen flow rate 
over wide ranges, it is not possible to hope to recover 
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all the sulphur from a cast iron by any combustion method 
which does not employ some means of recovering both 
sulphur dioxide and sulphur trioxide. Condensation 
loss of sulphur, as trioxide, in the absorption train is 
likely to be at a minimum providing that the distance 
between the combustion tube and the absorbent is kept 
to a minimum. It does not seem probable that any 
appreciable quantities of sulphur remains behind in the 
residue, after three minutes preheat and three minutes 
oxygen sweep, at the high temperatures normally used. 

The use of vanadium pentoxide as a flux eliminates 
both the carry-over of iron oxides and the creation of a 
partial vacuum in the combustion tube, providing suf- 
ficient flux is used. 

A statistical study has been made of the combustion 
sulphur method using a | g. sample fluxed with 3 g. of 
vanadium pentoxide and a preheat period of three 
minutes. ‘The determination was completed by iodine 
titration to obtain the percentage vield of sulphur as the 
dioxide. ‘The rate of oxygen flow and the temperature of 
combustion were varied for two ranges of sulphur 
contents. It was found that the yield of sulphur as 
sulphur dioxide using these conditions was lower than by 
the more usual combustion methods, possibly due to the 


New Furnace for N.P.L. 

THe General Electric Co., Ltd., in association with 
Vacuum Industrial Applications, Ltd., have received an 
order from the National Physical Laboratory for a 
2-litre vacuum arc-melting furnace. The furnace will be 
used for melting and casting refractory metals such as 
titanium, niobium, molybdenum, etc. The furnace may 
be used for melting by either the consumable or non- 
consumable electrode process. In the former case the 
ingot is formed from an electrode of the parent metal 
which is fed progressively into a molten pool in the 
mould; non-consumable electrode melting is effected 
by using a tungsten electrode to strike an are into which 
the charge is fed as small particles. 

The power is being supplied by a 2,000 A., 40 V. 
germanium rectifier unit, whose output is controlled by 
means of a saturable reactor connected in the primary 
side of the rectifier transformer, enabling the output 
current to be varied from 500 A. up to 2,000 A. The 
power unit has a short time overload capacity of 2,500 A. 
A two-stage pumping system is provided comprismg an 
oil booster-diffusion pump backed by a rotary pump. 
‘Lhe working chamber pressure is 0-1 microns Hg. and 
the pumping speed is sufficient to maintain this pressure 
against gas evoluticn from the electrode and molten pool. 


Radiation Monitor Order 
THe United Kingdom Atomic Energy Authority has 
recently placed a contract with E.M.I. Electronics, Ltd.. 
for 43 hand and clothing monitors, which brings the total 
number sold to nearly 100 since it was first announced less 
thana yearago. Orders have already been received from 
Germany, Belgium, Israel and Australia. The E.M.I. 
monitor, part of the Emirad range of nuclear health 
instruments, has the unique feature of being able to 
monitor both hands simultaneously for alpha and beta 
contamination, thus reducing the hand count to five 


catalytic action of the vanadium pentoxide. The ratio 
of sulphur dioxide and sulphur trioxide was independent 
of the rate of oxygen flow in the range 1-2 litres min... 
but dependent upon both the percentage of sulphur 
present and on the temperature of combustion. 

To obtain anything approaching stoichiometric re- 
covery of sulphur from cast iron using a combustion 
method it is necessary to find some means of retaining 
the sulphur trioxide, which it appears is inevitably 
formed, and to complete the determination by alkali 
titration. In such circumstances vanadium pentoxide 
would be very valuable as a suitable flux to eliminate the 
incidence of iron oxides in the gas stream. 
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seconds, and at the same time checking two other person's 
clothing and footwear. Automatic compensation for 
background radiation means that monitors can be sited 
on the most convenient positions, regardless of nearby 
radioactive materials. 


Steelworks Instrumentation in Spain 


Mr. W. Swiyy, steel industry sales manager of Honey- 
well Controls, Ltd., recently made a tour of Spanish 
steel centres, where a paper by him on instrumentation 
of furnaces in the steel industry was read by Sefor 
Manuel Doblas, representing the local Honeywell 
distributor. It is believed that this is the only paper on 
furnace instrumentation printed in Spanish. Apart from 
the lectures, Mr. Swinn supervised demonstrations of 
liquid steel temperature measurement in the plants of 
individual tirms. 

New Detergent Company 

Tue formation of Reddish Detergents, Ltd.. Stanley 
Road, Cheadle Hulme, Cheshire, to take over certain 
commitments previously handled by the Reddish 
Chemical Co., Ltd., is announced. Reddish Detergents, 
Ltd., will have a range of detergents for the metal 
industries. In addition, it will specialise in the manu- 
facture of products for firms who wish to market their 
own formulations. 


Griffin & George Branch 
Tue first step in the policy of greatly improving their 
national coverage was made last month by Griffin and 
George, Ltd., when their new branch was opened at 
626 Welbeck Road, Walker, Newcastle upon Tyne. To 
mark the occasion two exhibitions were held—one in 
Newcastle upon Tyne and the other in Middlesbrough— 
showing how the resources of the group are maintaining 
and improving the service to laboratories of all kinds. 
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The Preparation of Lead Cable Sheath Materials 
for Microscopical Metallography © 


By P. Gregory, A. J. Bangay and R. Paris 


The preparation for microscopical examination of lead cable sheath alloys presents 
Details are given of techniques developed in the authors’ laboratory 


for the mounting, grinding, polishing and etching of such materials, and the quality of 


HE microscopical examination of metals and alloys 
depends, to a very large extent, on the ability to 
prepare a suitable surface which will reflect an 

image of the structure. Various methods are available 
which achieve this object, and many improvements have 
been developed in recent vears, the most notable being 

electrolytic dissolution.’ Methods for lead materials. 
however, appear to have received little attention beyond 

brief mention in standard textbooks on the subject.* * 

‘The present paper gives an account of the techniques 
which have been developed in this laboratory in the 

course of extensive experience with lead cable sheathing 

alloys. 

‘The standard method utilises abrasive and chemical 
polishes and, except for some minor refinements, follows 
closely the procedure evolved by Worner and Worner.* 
It should be mentioned that its success requires a strong 
element of personal skill, particularly in the finishing 
stages. An attempt to overcome the human element by 
the development of an electrolytic dissolution technique 
has vielded promising results.° but the method appears to 
have certain limitations restricting general applicability. 

Mounting 

When examination at magnifications higher than 
« 50 is required, it is usually desirable to mount the 
specimen in a cold setting resin to facilitate the high 
standard of preparation necessary. N.H.P. mounting 
medium?*® and araldite Df. acrylic and epoxy resins, 
respectively, have been found to be suitable for this 
purpose. ‘Lhe first material has the advantage of giving 
a mount within 20 minutes » the second requires about 
24 hours to set at room temperature but gives more 
satisfactory results. In both cases, the liquid resin is 
poured around the specimen resting on a glass plate and 
contained in a brass ring section, the surfaces being 
previously greased to prevent adhesion of the resin. 

Hot pressure moulding, in substances like Bakelite, 
should never be employed for lead materials, as the 
temperatures involved are sufficient to induce structural 


changes. 


Preliminary Preparation 
Owing to the inherent softness of lead cable sheath 
materials, great care is essential to avoid deformation of 
the sample to be examined, otherwise there is a danger of 
obscuring the presence of any porosity and of inducing 
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the results achieved is indicated in a series of photomicrographs. 


recrystallisation. For these reasons, manual methods 
utilising a hack-saw and progressively finer emery 
papers copiously lubricated with paraffin are preferred 
to the use of a lathe or microtome. 

With this procedure, it is necessary to wash the 
specimen between changes of emery grade with acetone 
or another suitable washing medium to prevent emery 
powder or swarf being carried over to the next stage. 
Although finer grades of emery are available, these 
operations are normally terminated at the 3 0 grade, 
after which the scratches are removed by hand polishing 
on a jeweller’s cloth (Selvyt) loaded with metal polish 
(Bluebell) for a period of from | to 2 minutes. A final 
abrasive polish is performed mechanically using a pad of 
jeweller’s cloth carrying a diamond powder paste, made 
up as described in Appendix I. The pad is fitted to an 
ebonite dise of 5in. diameter which rotates at about 
150 r.p.m. while the specimen traverses across the disc 
diametrically at a frequency of about 50¢.p.m. Using 
the lightest pressures practicable, and additions of 
filtered paraffin to the pad for lubrication, a surface free 
from scratches visible to the naked eye is obtained in 
about three minutes. 


Etching Techniques 


Although a number of etching solutions for lead 
materials are to be found in published literature (see for 
example the list given in the Metals Reference Book’), 
the four detailed below have proved suitable for most of 
the cable sheathing materials studied. These include the 
alloys in the current issue of British Standards Specifica- 
tion No. S01 and the relatively complex alloys developed 
in America, containing arsenic, tin and bismuth, with 
or without tellurium. 


TABLE OF ETCHANTS 


25°,, Nitric Acid in Water. 

Solution 2. 25°, Hydrogen Peroxide (100 vol.) and 
Glacial Acetic Acid. (Worner’s Solution,’ referred 
to as Chemical Polish.) 

Ammonium Molybdate, 16 g., Ammonia, 20 ml., 
Nitric Acid, 75 ml, and Water, 100 ml. 


Solution 
75% 


Solution 


Solution 4. Ammonium Molybdate, 10 g., Citric Acid, 25 g., 
and Water 100 ml. (Voce’s Solution.) 
For a micro-examination, general grain structure 


characteristics and gross defects may be delineated by 
swabbing with solution 3 or, less satisfactorily, with 
solution 1. In the case of cable sheaths, both these 
solutions may frequently be applied without any pre- 
liminary preparation apart from simple degreasing. 
However, the pitting developed with this technique is 


| 
Communication from the Metallurgical Laborateor Resevr Organisation, 
British Insulated Callender’s Cables, ! lon, W.12, 
North H Plastics ‘Ut Manley Court, London 
Aero Research Lt Cam ire 
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Fig. 1. 085°, Sb; 0:05". Cu (Alloy B) 10 =Fig. 2. 0-15°, As; 0-1°, Sn; 0-1°, Bi (Alloy F3) 6 

A small chill cast ingot etched with 5°, acetic acid in 

alcohol for 20 minutes, followed by solution 4, showing 
aS-cast structure. 


Ram press extruded pipe etched in solutions 3 and 4, 
showing charge tongues outlined by regions of small grains. 


Fig. 3. 0-85". Sb; 0-05°,, Cu (Alloy B) 22 ig. 4. As; @-1° Sa; 0-1° Bi 22 

Extruded pipe with contamination at weld position which Radial cracks developed in coarse grain zone at weld 

urose due to inadequate cleaning of the -ress after a position in an experimental alloy pipe subjected to an 
previous charge of Alloy E. internal pressure test. 


Fig. 5. 0:2°, Sb; 0:15°, As «15 Fig.6. 0-15°, As; 0-1°, Sn; 0-1% Bi (Alloy F3) x7 
Experimental material showing hot-shortness cracking As Fig. 5 etched in solutions 3 and 4, showing columnar 
in the as-cast structure of the weld deposit. grained weld deposit and incomplete root fusion. 
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Fig. 7. 0-2°, Sb; 0-4°, Sn (Alloy E) 90 
Exfoliation at pipe surface associated with segregation 
of antimony. This defect occurs in ram press extruded 
pipe and sheath of antimony-bearing alloys and would 
appear to be due to hot-shortness. 


generally too severe to permit detailed examination at 
magnifications above about 50. 

When a micro-examination is required (magnifica- 
tions above » 50), the preliminary polishing operations 
described above must be carried out, followed by the 
application of solution 2 to remove the last traces of any 
flowed metal. This solution, however, should be used 
with care, owing to its vigorous action and marked 
tendency to produce a pitted surface. Thus, the duration 
of immersion should not exceed more than a few seconds 
and, in the case of antimony-bearing alloys, should be 
restricted to a rapid dip, to avoid the formation of a 
black surface film. 

Solution 2 is useful for outlining the grain boundaries 
and showing the presence of a second phase, though it is 
necessary to regard any spherical porosity revealed by 
this treatment with reserve. The bright surface so 
obtained can be examined under the microscope without 


Fig. 9. 0-85°, Sb; 0-05", Cu (Alloy B) 1750 


Section from ram press extruded pipe after creep deforma- 
tion showing Widmanst§atten type precipitation and a light 
etching grain boundary phase, believed to be micro- 
segregated antimony and either recrystallised regions or 
a denuded solid solution, respectively. 
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Fig. 8. 0:85", Sb; 0-5°, Cu (Alloy B) 500 


As extruded pipe showing antimony rich flow lines (black) 
and recrystallised grain boundary regions. 


further treatment, but generally the specimen is sub- 
sequently immersed in solution 4 for up to 15 seconds 
This has the effect of producing a duller surface which is 
more suitable for photography and at the same time 
showing up the structure more clearly by differentially 
etching the grains. The aforegoing is the preferred 
technique, in that it is particularly useful for revealing 
fine structural details, such as the mode of precipitation 
of antimony-rich phases which are darkened by the 
action of the etch. 

Solution 3 is sometimes used as an alternative to the 
chemical polish (solution 2), with the advantage of better 
delineation of the structure, and suitability for re- 
production work. Unfortunately, its action on arsenic- 
bearing alloys. and to a lesser extent on antimony- 
hearing alloys, is rapid and difficult to control. This 
results in excessive film formation if the time of treat- 
In all cases, results from 


ment exceeds a few seconds 


Fig. 10. Sb; 0-05°. Cu (Alloy B) 250 

Dark etching antimony-rich regions and grain boundary 

precipitate after solution-treatment at 200 C., followed 
by air cooling. 


i 
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Fig. 11. 0-85°,, Sb; Cu (Alloy B) 1000 


An unetched section showing copper-bearing intermetallic 
particles. 


solution 3 are improved by etching with solution 4, as 
this effects a brightening of the surface with enhanced 
contrast. 

Results 

Some typical photomicrographs of cable sheath 
materials, prepared as described above. are shown in 
Figs. 1-13. ‘these photographs were all taken on a 
standard Vickers Projection Microscope, using either 
Point-o-lite or carbon are illumination in conjunction 
with a yellow or green filter and Kodak 0-250 Rapid 
Orthochromatic Metallographic plates. 

For convenience, the captions in the figures include 
the nominal alloy content of the material and_ brief 
details of the salient features depicted. Unless otherwise 
stated, the etchants employed were solution 2 followed 
by solution 4. 

Appendix I 


PREPARATION OF DIAMOND PowperR LOADED PAsTE 
(‘om position 


Stearic Acid 


ae 


Fig. 13. 250 


Mixture of coarse and isolated small grains in pure lead 
indicating early stages of recrystallisation. 


236 


Fig. 12. 0-15°, As; 0-1°,, Sn;-0-1°, Bi (Alloy F3) ~ 750 

Transverse section from as-extruded pipe etched with 

solutions 2 and 3, revealing heavy grain boundary precipi- 

tation and dispersed intermetallic particles assumed to be 
of Sn, As. . 


Triethanolamine mi. 
Distilled Water 25-0 ml. 
*Diamond Powder (0+ Iu partic ‘le size) 


Method 

The triethanolamine, water and diamond powder are 
first mixed together and thoroughly stirred to obtain a 
uniform suspension, which may be facilitated, if desired, 
by the addition of a small amount of a wetting agent. 
This mixture is then heated to about S80-90° C. and 
completed with the stearic acid component at about the 
same temperature, stirring being continued until a 
thick paste forms on cooling. 

A convenient method of applying the paste to the 
polishing pad is by means of a hypodermic syringe. 


Supplied by L. M. Van Moppes and Sous, Ltd. 
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* Elles ‘trolytic and Chemical Polishing 


1 Jacquet, PP. A 
Review, 1, (2), 157,19 
2 (ireaves, R. H H., Practical Microscopical Metallogray 
Chapman and Hall, London, 1957. 
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tiregory, i K. M., and Woods, R. J. W *A Method of Electro- 
polishiny Dil ute Alloys of Lead ’ . Metallurgia, 6B, 17 1, nee. 
6 Lovett, Po A. Some Experiences with a New Metallurgical Mounting Plast 
Vetalluraia, (00), 2 1954 
‘Metals Reference Kook Butterworths Scientific Publications, 1955 
West’s Newcastle Office 
SHorTLY after establishing a Scottish office. West 


Instrument, Ltd., have now extended their sales and 
service coverage in the U.K. by opening a Newcastle 
office. with Mr. W. I. MeNall as Manager. The address 
is: Mostyn, Beechwood Avenue, Gateshead 9, 
Co. Durham. 


Change of Address 
Mr. H. Benton, Kelvin Hughes’ representative for the 
North Wales. Cheshire and Lancashire area. has now 
moved to: 27 Laneside Drive. Bramhall. Cheshire. 
(Tel. : Bramhall 2841.) 
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241 ALCESTER ROAD SOUTH 


BIRMINGHAM 14. 


TELEPHONE HIGHBURY 1369. TELEGRAMS: SISMEY, BIRMINGHAM. | 


; H. C. COPPER 
EXTRUDED AND DRAWN 


SECTIONS 
7 
All shapes for electrical 
; and other purposes | 
J 


BOLTON'S PRODUCTS include copper and 
copper-base alloys in the form of wire and strand, 
bar and rod, sheet, strip and foil, 
busbars, commutator, segments BOLTON 


Sons © 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancashire 
Telephone: Widnes 2022 


London Office & Export Sales Dept: 168 Regent St., W.1. 
Telephone: REGent 6427 
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SISMEY & LINFORTH] | 
= 
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| — 


JOINTING 
SHEETS 


for BASIC BRICKS 
at keenest Puces 


Produced in Sheet Steel in all thick- 

nesses from 21 gauge to }”. For easy 
handling, all products are packed in 
bundles of 25 or 50 according to 
weight, and marked to customer's 
specification. 


TAPHOLE TUBES 


To Customer's Specification 


SOLE MANUFACTURERS TO THE 
CHROME-MAGNESITE BRICKMAKERS ASSOCIATION 


FLOUCH GARAGE and ENGINEERING CO 
MAZLEHEAD SHEFFIELD YORKSHIRE 


HIGH-DUTY 


$.G. NI-RESIST Iron 


Castings 
and 
Components 


This turbo blown 
diesel engine 
exhaust manifold, 
cast in S.G.Ni- 
Resist alloy iron, 
stands up to extremely high 
working temperatures. 


If you need a casting or component for 
a difficult or highly specialised applica- 
tion, pass your protlems to the John 
Williams Foundry Division they'll do 
the rest. 


A COMPLETE TECHNICAL 
AND FOUNDRY SERVICE 


Backed by advanced research laboratory facilities 
For a consultation —without charge or obligation 
or a copy of our technical booklet ** Sound and 
Solid Castings’’— write to:- 


JOHN WILLIAMS OF CARDIFF LTD 


EAST MOORS ROAD, CARDIFF Telephone: Cardiff 33622 (12 lines) 
Telex: 49303 


125 Kva 


Radio-frequency Valve Sets 


of this capacity are rare '! 


Have you a surface hardening 
problem we can help with ? 


Write or phone us for full information 
FLAME HARDENERS LTD. 
| Shorter Works, Bailey Lane, 
Sheffield, 1. 


Telephone: 21627. 
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TRUCAST 


USE R.M.C. CRUCIBLES 


Where purity of castings is required it 
pays to specify Refractory Mouldings & 
Castings crucibles. Whether you are 
melting by arc or high frequency, they 
provide good resistance to thermal shock, 
and resist erosion. These are a few of 
the reasons why Trucast and the other 
leading Precision Casters depend upon 
R.M.C. refractories. Deliveries are good. 
Why not write for further information? 


@ Made to individual requirements. 


© Rapid delivery. ©@ Close tolerances. 


@ Good resistance to thermal shock. 


@ Resist erosion @ Fewer inclusions. 
WE ALSO MAKE SPECIAL REFRACTORIES TO CLOSE TOLERANCES 
FOR A WIDE VARIETY OF APPLICATIONS FOR RESEARCH AND @ For temperatures up to 2000 CU. 


DEVELOPMENT WORK. 
REFRACTORY MOULDINGS & CASTINGS LIMITED 


‘ KEGWORTH, NR. DERBY Tel: KEGWORTH 429 Grams: AREMCZE, KEGWORTH 


SINTERING and BRAZING 
FURNACES LTD 


Head Office: 1242-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Tel: SLOUGH 21/143 & 24746 


ILLUSTRATION 
SHOWS THE NEW 
DESIGN OF ‘PUSH-PULL’ 2 ONE 
HUMPBACK FURNACE FOR USE WITH 
REDUCING ATMOSPHERE FOR TEMP. UP TO 
, 1350°C. INCORPORATING A FULLY AUTOMATIC BOAT 

CONVEYANCE SYSTEM (Pat. No. 789,760) LOW HYDROGEN 

CONSUMPTION. 66 kWs 8” WIDE BOATS. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 
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THOMAS 
ANDREWS 


and COMPANY LIMITED 
HIGH-GRADE STEEL MAKERS 


HIGH SPEED STEELS 


sé MONARCH 9 { HOT & COLD DIE STEELS 


TOOL HOLDER BITS 
“HARDENITE””| 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegrams 
SHEFFIELD 2213! SHAFTING, SHEFFIELD, 4 


SEMI SILICA 


MATERIALS 
CONCRETES 


FIREBRICK HIGH ALUMINA 
INSULATION + HIGH TEMPERATURE INSULATION «+ JOINTING 
AIR-SETTING CEMENTS 
RAMMING COMPOUNDS 


Technical details and prices of all grades available on request. 


E. J. & Jj. PEARSON LTD. FIREBRICK WORKS, STOURBRIDGE 


Telephone : Brierley Hill 77201 


Ferro Alloys 


of 


TUNGSTEN MOLYBDENUM 
VANADIUM AND TITANIUM 


also 


PURE CHROMIUM 
& MANGANESE 


\ 
IMMEDIATE DELIVERY 
FROM STOCK \ 


yw" 


STOURBRIDGE FIREBRICK + 
SILLIMANITE «+ FIRE BRICK 


$s 


MINWORTH METAL 
LIMITED 


MINWORTH SUTTON COLDFIELD WARKS. 
Tel. Birmingham ASHfield 1114 


ALUMINOUS 


REFRACTORY 
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ROYDS WORKS AND = \ 
HARDENITE STEEL WORKS 
| ATTERCLIFFE ROAD, SHEFFIELD, 
— 
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— - ~ 


Chemical Analyses 
of Ferrous and Non-Ferrous Bl ACKWELLS : 


Metals and alloys, ores, 
slags, minerals, etc. 


Prompt service by 
ALLOYS 
TESTING WORKS Ltd. 


Established 1910 
A SUFFOLK HOUSE, SUFFOLK ROAD, SHEFFIELD 2 


hone: 25804. 

Grams: Retort, Sheffield 2. SILICON MANGANESE ALUMINIUM 
‘ NICKEL e NICKEL ALUMINIUM e BORON 
FOR ALL TYPES OF TITANIUM © CHROMIUM © RUTILE e COPPER 


HEAT TREATMENT Since 1869 Blackwells have been recognised 


pioneers in Metallurgical development. 


CONSULT 
Their Technical Advisory service is unique, 
ABBEY HEAT TREATMENTS LTD. and your enquiries on your particular problems 
SS ee are invited. Get in touch today with : 


PLAZ 


Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


BEAM WELDING 


Thermeta!l House, Garston, Liverpool 
‘Phone: Gorston 9860 "Grems: “Blackwell,” Liverpoel 


Electron beam welding carried out in high 
vacuum better than 10° torr (mm Hg) 
enables even the most refractory metals to be 
flux-free welded with complete elimination of 
atmospheric contamination. Unlike 
conventional methods the electron beam 
does not disturb the molten metal and thus 
thin section components can be neatly and 
effectively welded. The superior weld quality, 
deep penetration, intense localised heating 
and the many other advantages of electron 
beam welding can be fully investigated with 
the * Speedivac’ unit* illustrated. 


*C.E.A. System patent pending (Brit. Pat. Appl. 1962/57.) 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley 1/500 
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FORCED-AIR FURNACES | 


BY 


SIMPLIFIED CONSTRUCTION IMPROVES PER- 
4 FORMANCE AND KEEPS COST DOWN. 


What’s more, there is no sacrifice of quality. Con- 
struction is rugged; high grade materials are used 
throughout; control is fully automatic and the latest 
safety devices are incorporated. 

The centrifugal fans are large enough to cope with 
the densest loads, and temperature variation is practically 
nil when working on control. 

Little maintenance is required. All working parts 
are easily accessible, and element replacement is quick 
and simple, no major dismantling being required. 

L These furnaces have a wide range of applications, 
and will deal quickly and accurately with both dense “a 
and loose loads. ; 


Production 
British, 
Service 
International 


West Instruments Ltd. provide a range of tempera- 

ture controllers, produced in Britain for inter- 

national markets in the plastics, metal, nuclear, 

ceramic, chemical and process industries. An 

efficient after-sales service is backed by speedy 

supply of spare parts by West representativ » in 

major cities throughout the world. In this way 

West instruments, fitted to exported machinery, 

are assured efficient maintenance. 

West instruments are proving themselves invalu- 

able in countries as far apart as Holland and Hong | 
Kong, India and Italy, New Zealand and Norway, 
South Africaand Sweden. Fulldetailsofequipment | ELECTRIC HORIZONTAL 

a 


and services from: FORCED-AIR CIRCULATING FURNACE 


Model H F A 5. Internal dimensions 24 in. x 24 in. - 
x 24in. Rating 24 KW. Also available with mechanically 
operated door. 


VERTICAL MODEL ALSO AVAILABLE 
wy E « . Full details of these furnaces and of our full 
Lt =D range are readily available. Please write now. + 


Brighton, Sussex. Telephone: 28106 | J Industrial Heating Specialists 
Associate of the West Instrument Corporation of Chicago U.S.A. | Commerce Estate, S. Woodford, London, E.18. 
| Tel: BUCkhurst 6601-3 
—4 + — 
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52 Regent Street, HEDIN LIMITED 


ALLOYS for METALS and POWDERS 
STEELMAKING TOOL TIPS 


Ferro Tungsten 80/85%, 


Ferro Vanadium 35/80%, DRAWING DIES ; Etc. 


Ferro Molybdenum 70/75°%, 


Calcium Molybdate 40/50%, Tungsten Metal Powder 
Molybdenum Briquettes 55/65%, Tungsten Carbide 

Ferro Titanium 20/25% and 40°, Tungstic Oxide 

Tungsten Metal Powder 98 99°, Titanium Carbide 
Manganese Metal Ammonium Para Tungstate 
Chromium Metal and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review. will be gladly sent on request to 
us at DITTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD. 


Ditton Road, Widnes, Lancashire 
Telegrams : ALLOY, WIDNES Telephone: Widnes 266! | 


MECHANICAL WORLD 
MONOGRAPHS MONOGRAPHS 
| No. Title Net price By post 
: 48 Flow-Line Planning in Factory Layout 20 2/2 
No. Title Net price By post | 49 Alloy Steels: Their Properties and 
Industrial Application 2/6 2/8 
1 Chart Aids to Management . 26 28 50 Aluminium and its Alloys 2/6 2/8 
3 The Calculation of Convective 5! Ball and Roller Bearings 46 49 
Heat Flow... : 2/- 22 52 An Outline of Advertising for Engineers 2/0 2/2 
Checking Spur Gear Tenth. 1- 12 | 53 and 
6 Gas Charts for Steam Boilers 1 - 12 54 Practical Management and Works 
9 Brazing . 22 Relations 36 
10 The and Practice of 35 Their Planning 2/6 28 
Heat Treatment — 36 38 56 Helical Springs 2/6 28 
11 Fire Engineering Hydraulics 1 - 1/2 57 The Machining and Manipulation of 
13 Industrial E i Stainless Steels 3/6 V8 
16 18 59 The Surface Area and Volume of 
14. The | Dished Ends 2/6 278 
Drying of Small Articles a/- 12 61 Cams and Springs for Poppet Valves 26 28 
| 18 A Cost Finding Chart for | 62 Relaxation of Constraints and 
Industry .. 26 28 Moment Distribution 30 3/2 
0 7 | 63 Work Study and Incentives 40 4/2 
Number | 64 Electroplating and The Engineer 4/0 4/2 
23 Installation and Care of Elec- 65. Productivity and Probability $2 
trical Power Plant... 36 38 66 Steam Trap Maintenance 2/6 28 
| Choosing Electric Cables 36 38 
EMMOTT & CO. LTD. | EMMOTT & CO. LTD. 
31 King Street West, Manchester 3 31 King Street West, Manchester 3 
London : 158 Temple Chambers, Temple Avenue, E.C.4 | London: 50 Temple Chambers, Temple Avenue, 
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CLASSIFIED ADVERTISEMENTS 


Classified Advertisements are inserted at the | 


rate of 2/6 per line 


SITUATIONS VACANT 


ASHMORE, BENSON, PEASE & 
COMPANY LIMITED 
(member of Power-Gas Group) 
Require 
A METALLURGIST 
to work on welding developments, cor 
rosion, and general metallurgical problems 
related to chemical, oil and nuclear 
engineering. The work is of an extremely 
varied and interesting nature. Minimum 
qualifications required are a degree in 
Metallurgy or equivalent. 
Further details of the type of work tog: ther with infor 


mation on the activities of the company can be obtained 


from : 
The 


Corporation, 


Personnel Department, Power-Gas 
Ltd., Stockton-on-Tees. 


A.E.R.E., HARWELL 
requires 

\N EXPERIMENTALIST to assist with 
research into the problems of applying 
radio-isotopes to metallurgy. The 
involves the development of techniques of 
radio-tracers and radio-activation analysis 
in physical metallurgy and participation in 
an advisory service on the application of 
radioisotopes to industrial metallurgical 
processes. 

Applicants should have G.C.E. at 
Advanced Level, H.N.C. or equivalent 
qualification, and experience in experi 
mental metallurgical techniques. Pos 


session of an appropriate University 
degree would be an advantage. 
Salary: £500 (at age 20)-£1,260, 


according to age and experience. 
Housing and superannuation schemes. 
Please send a Post Card for details to 
Group Recruitment Officer (1493/126), 
A.E.R.E., Harwell, Near Didcot, Berks. 


WEST MIDLANDS GAS BOARD 
INDUSTRIAL DEPARTMENT 
VACANCY FOR 
TECHNICAL ASSISTANT 
(METALLURGIST) 

Candidates should possess a Higher 
National Certificate or be a Licentiate of 
the Institute of Metallurgists and have 
had experience of control of heat treat 
ment plant in the engineering industry. 
The located in Birmingham. 

The salary for the appointment, which 
is pensionable and subject to medical 
examination, will be within Grades 
APT 8-9 (£773-£927 per annum) of the 
National Salary Scales for Gas Staffs. 

Applications, stating age, qualifications 
and experience, together with the names of 
two referees, should be addressed to the 
Industrial Relations Officer, West Mid 
lands Board, 6, Augustus Road, 
Edgbaston, Birmingham, 15 


post Is 


Cas 


THE BRITISH STEEL CASTINGS 
RESEARCH ASSOCTATION 
require a 
METALLURGIST 
with interests in engineering to work as a 
senior investigator on problems con- 
nected with foundry equipment and pro- 
The position offers scope tor the 
successful candidate to work on his own 
initiative and to carry projects through 


pilot scale trials to production conditions | 


in industry. Candidates must hold a 
degree or equivalent professional qualifica 
tion, and should be within the age range 
25 to 35. The appointment is superan 
nuable. Applications should be addressed 
to The Director of Research of the 
Association at East Bank Road, Sheffield 2. 
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SITUATIONS VACANT. -continued 
(CHEMIST (METALLURGIST) required 
at Royal Ordnance Factory, Wool- 
wich, to assist technical production con- 
trol and undertake experimental and 
development work on processing of new 
materials. Qualifications: Hons. degree 
in Metallurgy or Associateship of Institu- 
tion of Metallurgists or equivalent. 
Experience in melting iron and steel or 
non-ferrous metals and alloys or in mani 
pulation of special steels and newer non- 
ferrous materials desirable but not essen- 
tial. Knowledge of modern chemical 
analytical methods an advantage. Salary 
£830 (age 25)- £1,300. Opportunities for 
establishment. Forms from Ministry of 
Labour, Technical and Scientific Register 


(K), 26, King Street, London, S.W.1, 
quoting reference F 702/9A,. Closing 
date January 15th, 1960 


THE MOND NICKEL COMPANY 
LIMITED 

requires a Foundry Metallurgist 
prac tical experience ot and 
founding, for development work on pro 
duction and use of alloy and S.G. irons. 
Experience in liaison with 
users would also be an advantage. Pen 
sion and assurance schemes are in opera- 
tion and, in appropriate cases, assistance 


with 


iron steel 


ean be given with housing. 
Apply, giving full particulars of quali- 
fications, experience, age, salary required, 


ete., to the General Manager, Develop- 
ment and Research Department, The 
Mond Nickel Company Ltd., Thames 


House, Millbank, London, S.W.1l. Mark 
envelope “ Confidential Dev. 30.” 


AE I 
BTH GROUP RESEARCH 
LABORATORY, RUGBY 

\ppointments are available for metal 
lurgists and physicists who have had some 
two to four years of post-graduate research 
experience. 

Applicants are invited to write to the 
Director of Research and Education, The 
British Thomson-Houston Co. Ltd., 
Rugby (quoting reference DJL). The 
particulars we would like to have in the 
brief on your 
research 


first instance are notes 
scientific education and on the 
work you have carried out, together with 
your age and nationality. Both immediate 


and delayed appointments are available. 


GUNG GRADUATE METALLUR- 

GIST required for various investiga- 
tions involving the electron microscopy of 
ferrous alloys. Experience in electron 
microscopy is not essential as a thorough 
training will be given, the chief require- 
ment is an tnterest in metallography, 
whilst a knowledge of X-ray diffraction 
techniques would be helpful. Applica- 
tions to the Secretary, Aeon Laboratories, 
Englefield Green, 


Ridgemead toad, 


Egham, Surrey. 


FAIREY AVIATION LIMITED 
Hayes, Middlesex 
\PETALLURGIST or MECHANICAL 
ENGINEER (at H.N.C. level) re 
quired for investigation of Fatigue Pro- 
perties of high grade Steels and Alloys 
and other special testing in Materials 

Research Laboratory. 

We also require a METALLURGICAL 
ASSISTANT in his early twenties at 
“A” level or O.N.C. standard for the 
Research Laboratory. 

Applications should 
Personnel Officer. 


be sent to the 


engineering | 


SITUATIONS VACANT. continued 


YORKSHIRE IMPERIAL 
METALS LTD. 


invite applications for the following 
appointments at the 
YORKSHIRE COPPER WORKS, 
LEEDS 

(1) A chemist metallurgist is 
required, to responsible for 
initiating, planning and supervising 
research programmes principally in 
the copper and copper-alloy field. 
This is a appointment. 
Ideally, the successful applicant will 
be about 30 and possess an honours 
degree in metallurgy or chemistry. 
Personal qualities of enthusiasm, 
initiative and ability to work with 
others are, however, regarded 
very Important. 

(2) Chemists and metallurgists are 
required for technical investigations 
and development in connection with 
the production and use of copper and 
copper-alloy tubes and related pro- 
ducts. Candidates should  prefer- 
ably possess qualifications at least 
equivalent to degree standard, and 
should also preferably have experi- 
ence in the non-ferrous metals indus 
try, but these two factors are not 
absolutely essential, and ability to 
think clearly and logically is of first 
importance. 

The Company has a contributory 
Pension Scheme and a Profit Sharing 
Scheme and would be prepared to 
consider giving with 
regard to housing to the successful 


or 
be 


senior 


as 


assistance 


applicants. 

Applications (marked Metal- 
lurgy ’’) giving full details of educa- 
tion, experience and present salary 
should addressed to the Chief 
Personnel Officer, Yorkshire Im 
perial Metals, Ltd., P.O. Box 166, 


be 


RESEARCH METALLURGIST required 

in the Shepherds Bush Research 
Laboratories of British Insulated Cal 
lender's Cables Limited for investigations 
on the production and development of 
electrical conductor materials, including 
wire drawing research. Previous indus 
trial experience would be preferred, but is 
not essential. Five-day week; Pension 
Fund. Applications should be made to 
Personnel Officer, BICC Ltd., 38, Wood 
Lane, London, W.12. 


MATERIALS ENGINEERS 

A new division of the Development and 
Research Department of The Mond 
Nickel Company Ltd., London, has been 
formed to promote the application of 
nickel-containing materials in modern 
engineering practice. Applications are 
invited from progressive engineers having 
a degree or equivalent qualification, 
experience in engineering and a working 
knowledge of metallurgy. Metallurgists 
with practical engineering experience 
would also be considered. Pension and 
assurance schemes are in operation and, in 
appropriate cases, assistance can be given 
with housing. 

Applicants should write to the General 
Manager, Development and Research 
Department, The Mond Nickel Co. Ltd., 
Thames House, Millbank, London, 8S.W.1, 
stating age, experience and salary ex- 
pected. Mark envelope ‘ Confidential 
Dev. 29.”’ 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT | continued 


THE BAHRAIN PETROLEUM 
COMPANY LIMITED 
GRADUATE METALLURGISTS AND 
MECHANICAL ENGINEERS 
are required in Bahrain’s modern Oil 
Refinery for plant and corrosion inspec 
tion work. Applicants, under 35, should 
be familiar with API., ASME. codes and 
have had a minimum of two _ years’ 
experience in similar work or in the con 
struction and maintenance of fired and 
unfired pressure vessels, the duties in 
cluding inspection of vessels, exchangers, 
pumps, lines, valves, etc., to ensure safe 
operating condition and the recommending 
and developing of materials and methods 

of repair and corrosion control. 

Salary would be in accordance with 
qualifications and experience, but not ies» 
than £1,332 per annum, in addition to 
which free air-conditioned accommodation 
and a living allowance are provided. An 
initial kit allowance, medical attention, 
paid local and home leaves are also pro- 
vided with participation in Pension and 
Provident Fund Schemes. 

Apply in writing, quoting “INS” 
with full particulars to Caltex Services 


Limited, Caltex House, Knightsbridge | 


Green, London, 8.W.1. 


| 
UNIVERSITY OF SOUTHAMPTON | 
RESEARCH IN STRUCTURAL 
FATIGUE 

Applications are invited for the post of 
Research Assistant in the Department of 
Aeronautics and Astronautics to under 
take work on the theory of Cumulative 
Damage in Fatigue. Candidates should 
have a good mathematical background 
(including statistical analysis) and prefer 
ably some knowledge of the field of Metal 
Fatigue. Salary according to qualifica 
tions and experience up to a maximum of 
£800 per annum. Applications (two copies) 
containing the of two referees 
should be sent Secretary and 


tegistrar 


names 
to the 


\ETALLURGISTS are required by the 
United Kingdom Atomic Energy 
Authority, Production Group at Spring 
fields Works, Salwick, Preston, Lan 
cashire. (a) to be responsible for and (b) 
to assist with the organisation and super 
vision of a Laboratory providing a 
metallographic service to the Works. 
Duties will also involve the investigation 
of problems arising during the production 
of fuel elements. 

All applicants should possess an honours 
or equivalent, in Metallurgy, 
together with some years’ industrial 
experience. A wide experience of metal- 
lographic work is required for post (a) and 
is desirable, but not essential for post (b). 

Starting salary will be assessed within 
the scales £1,370-£1,825 for post (a) and 
£860 (at age 25) £1,340 for post (b). 

Contributory Superannuation. Staff | 
Housing Scheme. 

Send postcard for applicat ion form, 
quoting reference P.107/J.15, to the 
Works Secretary at above address. 
Closing date : December 14th, 1959. 


degree, 


METALLURGIA, November, 1949 


SITUATIONS VACANT continued 


NATIONAL PHYSICAL LABORA 
~” TORY, Teddington, requires Scientific 
Officers /Senior 8.0.8 for following posts 
METALLURGY DIVISION (A) (Ref 
F.648/9A). TWO CHEMISTS for work 
on analysis of trace elements in metals ; 
application of mass spectrometry, radio 
active tracers and high resolution optical 
spectrography to this problem. Applica 
tion of methods of zone refining and other | 
methods of purification of metals. Interest 
in application of modern physical methods 
of analysis an advantage (B) (Ref 
F.649/9A) THREE PHYSICAL METAL 
LURGISTS (1) for studies of theory of 
alloying and its effect on physical proper 
ties especially as applied to systematic 
study of alloy systems of new metals, 
e.g, niobium, tantalum, molybdenum 
chromium, titanium and metals rare 
earths, (2) with grounding o' ferrous 
metallurgy and an interest in alluy steels, 
high temperature alloys, theories of 
transformation and engineering properties 
of metals, (3) to work on electron micros 
copy of metals at highest resolutions. An 
interest in dislocation theory and in 
modern theory of solid state applied to 
metals desirable. (C) (Ref. F.650/9A) 
PHYSICAL CHEMIST/METALLUR 
GIST for work on application of thermo 
dynamics to study of alloy systems and 


metallurgical processes. (D) (Ref. 
F.651/9A) METALLURGIST or ENGI 

NEER with knowledge of testing pro- 
cedures, theory of elasticity, modern | 
theory of plasticity, especially in its 


application to mechanical working of | 
metals. STANDARDS DIVISION. TWO 

PHYSICISTS or ELECTRICAL ENGI 

NEERS (Ref. A.42/9A) for work 
atomic frequency standards and accurate 
determination of atomic constants includ 
ing the gyromagnetic ratio of proton and 
ratio of charge to mass of elementary 
particles fesearch experience in experi 
mental atomic physics desirable. Qualifi 
cations: Ist or 2nd Class Hons. degree or 
equiv. (min. 3 years post-grad. experience 


on 


for S.S8.0.). Salary (men) S.O. L655 
£1,150; S.S.O. £1,233-£1,460 Forins 
from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, 
S.W.1, quoting appropriate reference 
number Closing date December 4th, 
1959. 
EDUCATION 


DERBY AND DISTRICT COLLEGE 
OF TECHNOLOGY 
Kedleston Road, Derby 
Principal 
T. HEAP, M.SC., 
DEPARTMENT OF CHEMISTRY 
in collaboration with the 
BRITISH CAST IRON 
RESEARCH ASSOCIATION 


Special Course of eight lectures 


on 
SOME METALLURGICAL ASPECTS 
OF 
IRON FOUNDRY TECHNOLOGY 
on 


Wednesdays, 7 to 8-30 p.m. 
Commencing Wednesday, January 13th, 
1960. 

Apply to the 
Course Organiser 
M. McIntyre, B.Se., 


Fee, three gineas 


SITUATION WANTED 


\JETALLURGIST (42), graduate, ex 

perienced in laboratory and works 
control of ferrous and non-ferrous 
dries, heat treatment, deep drawing and 
pressing, machining, and metal finishing 
ete., desires new appointment, Box No 
MM.71, Metatiureia, 31, King Street 
West, Manchester, 3 


foun 


MACHINERY PLANT & 
ACCESSORIES FOR SALE 


PURE BERYLLIUM FOLL. 0.005 in 


thick. Elgar Trading Ltd., 23, Salis 
bury Grove, Mytchett, nr. Aldershot. 
Tel Farnborough-Hants 2634. 


PETROLOGICAL MICROSCOPE by 
Swift Apply details to Blick, 23, 

Sundial Lane, Great Barr, Birmingham, 

22A 

SALE. Solus Schall. kV 
extended anode X-ray unit. 250 volt, 

cycles, single phase AC, supply. 


Firth-Vickers Stainless Steels Limited, 


Sheffield, 4%. 


[LITTLE USED SURPLUS  EQUIP- 


MENT.—15 ton Denison Hydraulic 
Tensile Tester, Model T.42. 30 «Otten 
Avery Universal Tensile Tester, Model 


V.S.L. 100 ton Hydraulic Compression 
Tester, horizontal, easily adjusted to take 
specimens or complete structures 
Semi-Automatic Tensile Tester 


large 
3.750 Ib 


4.000 Ib. Hand-operated Tensile Tester 
Type F45/3 H.F. Furnace by Philips 
Birlec, output 450 k.c./sec. 20 k.w. with 


automatic feed mechanism for small steel 
Type 7Cl H.F. unit by 
Wild-Barfield, input 12 k.v.a., output 
WW) koe Model 520 H.F. unit by 
Thermonie (U.S.A.), Input 30 k.v.a., out 
put 400 k.c./see. Rotary Drum Annealing 
Furnace by Wild-Barfield to 700°C. 74 
k.w. complete with indicating controller, 
ete, H.S.S. Electric Salt Bath by Efeo, 
80 k.v.a. to 1,400°C, with onload tap 
transformer, pyrometer, etc. 

Enquires aiso invited for other equip 


slugs or pins. 


ment L. Solloman, Ltd., Beaufort 
Street, Manchester, 3. BLA 457 
METALLOGRAPHIC 


MOUNTING MEDIUM 


.H.P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD 
MANLEY COURT, LONDON, 


you don't need a piggy-bank to 


save! 


you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel. Whatever the consumption, from |th to 150 gallon per hour 
there is a FRANKLIN-DINE OIL BURNER to ge 


increased oil economy at lower maintenance cost 


Write to-day for full particulars 


for all furnaces 


Manufacturers of 


INDUSTRIAL FURNACES AND O!L BURNING EQUIPMENT 


FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 


BAKER STREET, SPARKHILL. BIRMINGHAM, I! 


Phone: ViCtoria 2579 
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Matlleable Iron 
CASTINGS 


HALE. HALE DUDLEY PORT 


CRAMS: ‘HALEFO' TIPTON. PHONES. TIPTON 1671/5 


vS * ROAD 
| wh Ve 
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Naway 


resents 


ANY PURNACE ATMOSPHERE selected at will and 
maintained throughout firing range wich uniformly 
high CO, Often gives reduced fue! consumption of 
16-20% when replacing ordinary burners in particular 


MODELS 
PRN. | cap. 3} imp. gals/hr. PRN. 3 Available shortly . 
PRN. 2 cap. 6 imp. gals ‘hr. PRN. 4 cap. 30 imp. gals/hr. 


Particulars from 


NU-WAY HEATING PLANTS LTD. (BOX A 707) DROITWICH 


and at LONDON, MANCHESTER, NEWCASTLE, GLASGOW, BELFAST, DUBLIN, BRISTOL. 


We 
- 
ONE LOVER controts both oil and sir, VARIABLE AIR/OlL VALVE COUPLING 
keaping the ratio constanc from maxinun : allows selection of the correct air, 
t minimum firing rate. Exsily and ratio while the burner is runnirg. 
‘ 2 fixme see below. 
2 RADIAL allows burner to be 
Manual or automatic controi. low flame for special 
latch overcomes fuel oils. fame shape while the burner is in operation. 
ISOLATOR VALVE shuts off air supply when 
air pressure for quicker, simpler lighting, 
4 
| 


